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Introduction 



Science fairs have become some- 
what of an American tradition. 
For a brief time each year those 
familiar poster displays appear in class- 
rooms and school gymnasiums across 
the nation, affording young scientists 
the opportunity to share their interests 
with parents, relatives, and neighbors. 
Erupting volcanoes, styrofoam planets, 
seashell collections, stop smoking post- 
ers, and gerbils in mazes stand next to 
experiments with plants and solar en- 
ergy They have become part of the 
tradition. For many students the science 
fair will be the culmination of hard work 
and persistent investigation, it may 
mean the beginning of a life-long fasci- 
nation with science. 

For me the fascination has continued. 
My student science project helped me 
to understand scientific methods and 
the joy one feels at the moment of dis- 
covery. As a teacher, I learned right 
along with my students in discovery 



after discovery. The rewardb have al- 
ways been there, and bcience prujectb 
became integral to my teaching of criti- 
cal thinking and process skills. 

Yet science projectb and bcience fairb 
are not popular with everyone and with 
good reabon. The science fair tradition 
includes unfair judging procedureb, 
forced participation, and overzealoub 
parental involvement. Poorly planned 
science fair activitieb have detracted 
from the science curriLulum. VVorbt of 
all, some students have been dibcour- 
aged by participating in bcience fairb. 

So, what are the solutionb? How can 
a teacher ensure a successful and rewan^.- 
ing science fair? Planning, of cou'-oe, is 
essential. NSTA has assembled this col- 
lection of reprints from Science mid Cliil- 
dreu and TlieSsieihe Tetuher to assist teach- 
ers in organizing a science fair, working 
with students, and establishing equita- 
ble judging procedureb. Suggestionb are 
offered for involving young children as 



well ab high bchool btudentb in projects 
appropriate to each. An open ieitcr helpb 
parentb guide their children in belectmg 
and carrying out invebtigations. 

Keep in mind ab you read through 
thebc artick'b that not all authorb agree 
on the methoub fur organizing a science 
fair. Ultimately, you will have to decide 
whai you hope to achieve, who will 
participate, how the fair will be organ- 
ized, and how projectb bhould be judged 
(if at all). Be abbured that a successful 
fair requireb much effort, but the re- 
wardb are everlabting. Wouldn't it be 
great to dibcover that one project this 
year hab bparked a student's life-long 
fabcmation with bciern^e*' 



Barry A. VanDeman 
Educational Services 

Coordinator 
Chicago Mubeum of Science 

and Industry 



NSTA Position Statement on Science Fairs 



The National Science Teachers Asso- 
ciation recognizes that many kinds of 
learning experiences, both in and be- 
yond the classroom and laboratory, can 
contribute significantly to^he education 
of students of science. 

With respect to science fair activities, 
the Association takes the position that 
participation should be guided by the 
following principles, (l) student partici- 
pation in science fairs should be volun 
tary, (2) emphasis should be placed on 
the learning experience rather than on 



competition, (3) participation in science 
fairs should not be made the basis for a 
course grade, (4) science fair activities 
should supplement other educational 
experiences and not jeopardize them; 
(5) the emphasis should be on scientific 
content and method, (6) the scientific 
part of the project must be the work of 
the student, (7) teacher Involvement in 
science fairs should be based upon 
teacher interest rather than on external 
pressures or administrative directives, 
and (8) if a science fair is to be under- 



taken, such an assignment should be a 
replacement for one of the teacher's 
current responsibilities, and not an addi- 
tional duty. 

The National Science Teachers Asso- 
ciation's Position Statement on Science 
Fairs was approved by the NSTA Board 
of Directors in 19b8. This position btate- 
ment is intended ab a guide, and doeb 
not reflect the whole range of interest 
of our members. 
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The Nuts and Bolts 
of Science Fairs 



Barry A. VanDeman 
Philip C Parfitt 

The dnte for the science fair 
has been set The auditorium 
has been booked. And you are 
the head of this project. Now 
what happens? Momentary p?nic, for 
one thing, but, when you recover from 
that, the questions take over. Who's 
going to answer them? 

In fact, there are many sources of 
help, and the articles collected in this 
volume will point you toward some of 
them. 



X#Is there morr. than one kind 
of science fair project? 

Almost any science topic can be the 
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} sis for a science fair project. And the 
possible approaches are also numerous, 
models, collections, demonstrations, 
hobbies, and experiments are displayed 
each year at science fairs across the 
nation. Any of these approaches can 
help a student learn certain science con- 
tent and science skills. What type or 
types you encourage (or allow) at your 
fair will depend on your stience goals. 



iHj.How can I help rny students 
select science fair topics? 

Perhaps the most difOcult part of doing 
a science project is selecting o topic and, 
if necessary, formulating the question 
to be answered. Take some time to work 
with students early in the year. Intro- 



duce them to possible topics— and give 
them prattite in asking useful questions. 
Juliana Texley (page 20) and Martin 
Teachwurth (page 30) share thoughtful 
approaches to helping students select 
and design topics for investigation. 



3 .By what criteria should pro- 
jects be judged? 

That depends on the nature of the pro- 
ject. Each project should be judged by 
criteria specific to itself. Models, for 
instance, should not be judged by the 
criteria used to judge experiments. 
Several articles offer sound advice. See 
Bellipanni, Gotten, and Kirkwood, (page 
38), Harvey Goodman (page 37), Eugene 
Ghiappetta and Barbara Foots (page 34). 
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4« Should students be required 
to do science projects? 

In gencat students should not be re- 
quired to do projects if competition and 
awards are part of the fair. Science pro- 
jects should encourage students to ex- 
plore areas of science they are inter- 
ested in. Forcing them, at the same time, 
to compete with clasbmateb can turn 
off the very interest in bLienee that the 
fair is designed to encourage. When the 
fair is not competitive, projects might 
be a regular class assignment, used to 
teach science skills while allowing for 
student preferences. 



5« Should students receive 
awards for projects? 

Thib ib up to you. Some teaLhti b offer 
LertifiLatCbof participation to all btudunt 
exhibitorb. Otherb give firbt, beLond, and 
third place ribbons or certificates. Still 
others award trophies to outstanding 
projects. We recommend that every 
student receive an award or ackntwU 
edgement of participation. 



problem to which there is no eaby solu- 
tion. Some parentb, in their debirc to 
have their children du well in the com- 
petition, complete much of the project 
themselves. However, parents can play 
a more acceptable role if they limit their 
participation to guidance and bupport. 
Be bure to let parentb know how they 
can abbibt by meeting with them or 
sending a letter home. See the appen- 
dix for a suggested letter to parents. 



8« Students sometimes have a 
hard time using measurements 
accurately- How can I help them? 

Unless they have specific direction, stu- 
dents often exprebb mcaburementb in 
qualitatAC termb. Foi example, they will 
ba> the plant got "biggei." Encourage 
your btudcntb to make quantitative ob- 
servations — that IS, to use numbers in 
measuri?ments whenever possible. En- 
courage them, too, to use the metric 
system in making their measurements- 
all scientists do. 



fairb. See Brian E. Hanbun (page 12), 
Barbara Tohm (page lO), Ruth 
Bombaugh (page 14). 

Barry A. VatiDcman 15 cdiuatwnal >trvi(cs toordma' 
tor at tltt Mu>cuin of Sitatu and htdui^trif, Clma^o, 
ami rn'>ulittt iff tin CouUiil for Ehimutarit Smme 
htUntatumal T/iJi/j C. Piirittt ^duu^t^on a»i\taU 
!</ tilt Xiu>ium o( Siiitm und hidu:»trif. Photo^iaph 
hxi Bany VanDemau 

Further Science Fair Resources 

Aldridge, Bill G., and Johnston, Karen L. 
(1984). Trends and issues in science edu- 
cation. In R. W. Bybee, J. Carlsen, and A. 
J. McCormack, (Eds.), 1984 NSTA yearbook: 
Redcsigntii^ science and technology education 
(pp.31-44). Washington, DC: NSTA. 

Loiry, William S. (1983). Wmnwg with science. 
Sarasota, FL. Loiry Publishing House. 

Rice, Jeannie Rae. (1983, January). A special 
science fair LD children learn what they 
can da S6C 20(4), 15-16. 

Safety in the elementary classroom (1978) Wash- 
ington, DC: NSTA. 

Safety in the secondary classroom, (1985). Wash- 
ington, DC: NSTA. 

VanDeman, Barry A., and McDonald, Ed. 
(1980). Nuts and bolts science fair blue- 
print poster. Harwood Heights, IL: The 
Science Man Press. 

Vouden, W. J. (1985). Expenmei tatwn .nea- 
iurement. Wasliington, DC; NSTA. 

The following science trade books might 
also be useful to your students as they pre- 
pare their science fair projects. 

Beller, Joel. (1982). So you want to do a science 

project! New York: Arco Publishing. 
Gutnik, Martin J. 11980). How to do a science 

projeitand report. New \ork. Franklin Watts. 
Moorman, Thomas. (1975). How to ma\e your 

inieme projeit ifiientifu. New York. Atheneum. 
Smith, Norman F. (1982). How fast do your 

oysters grow? New York: Julian Messner. 
Stepp, Ann. (1966). Setting up a science project, 

Englewood Cliffs, NJ: Prentice-Hall. 
VanDeman, Barry A., and McDonald, Ed. 

(1980). Nuts and holts: A matter of fact guide to 

science fair projects, Harwood Heights, IL: 

The Science Man Press. 
Webster, David. (1974). How to do a snence 

project. New York. Franklin Watts. 



O.In what ways can the librar- 
ian help my students? 

Librarians can offer lots of help if they 
are familiar with your standards for 
researching projects and writing reportb. 
Several months before you send stu- 
dents out to do research, talk with the 
school librarian and the public librarian. 
Explain your science fair goalb and bUg- 
gest typeb of resourcCb that will help 
your btudentb do their pro^jctb. Marge 
Hagerty (page 15) of ferb buggebtionb to 
prepare librarians for the science fair 
season. 



7«How can parents avoid offer- 
ing too much help— or too little? 

This is a common question and a big 
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3/«Can my students participate 
in state and national compe- 
titions? 

Many states offer both regional and 
btate bcience cxpobitiunb. Other compe- 
titions, scholarship programs, talent 
searches, and awards are also available 
locally and nationally. The "Beyond the 
Science Fair" bection includcb informa- 
tion on a bcieiuc buper bowl and the 
National Science Olympiad, in addition 
'o a competitionb bampler. 



10 • How should I plan my 
science fair? 

Planning a science fair requires much 
time and effort. Take bomc adviLc from 
thobe who have expenente organizir^ 

ASSOCIATION 



Planning Ahead 



A successful science fair takes plenty of time and energy— and organizing 
skills. Long-term planning and continued work throughout the year will 
help you overcome one of the biggest obstacles— finding time to take care of 
all of the details that add up. Start with a science fair master schedule that 
will help you find the time to reserve the space, pick j'ldges, line up parent 
volunteers, prepare students, alert the media, and give it your all! 
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Mission Possible: 
The Science Fair 



by Barbara Tohm 



M>blerioub muMc. Si^^c lights boft. 
Ttacher fntcrb, bU\^v ri>;ht. Turns un 
tape reiorder: "\our ossignmont, 
should you lIioosc to dccept it, will be 
to oig*uiuo *ind tonduLt ^ bLientc f.iir 
*il >our b^^hool/* Tcauher removes p»i- 
pers and photos from »in envelope, 
^ou ma) LimtaLt these supp^irt agents 
at any lime in your misbion." Photos 
4ire of local scientists and art, mathe- 
matics/ science, and j;raphics teachers. 
"Good luck/' Musk down. L»>;hts up. 
Teacher goes off on her mission, stage 
left. 

• • • 

Planning a high sLh*.)ul science fait 
strikes some of us as a bit ma*»ochistiL. 
But if >ou think ^»f the ettort as a 
major campaign to intrease student 
skills and to havt fun vMth scieiiLe, thv 
task iS worth the pain and time, L^.»ng 
range planning is impvirtani, howt vti, 
because the details add up. HereV hovN 
I've survived my missKin. 

Start your planning on the first 
work day of slKk>I. Teach the snen 
tifn. method from da) one. During 
the stage for picking topics, alLuN time 
in your schedule for students chang- 
ing their minds a hundred times. Map 
out at least 4 days in the library at the 
outset. The first 2 days should be early 
in the year, the third about a month 
before the fair, and the last right before 
the deadline. I keep alternate library 
assignments dealing with Scientific re- 



search ready for any students who tell 
me they have hnished early or that 
our school library does not have any- 
thing they need. 

Check the date of the c^iuiiiy ox 
regK»nal fair beUue you set y^.iur owu 
deadlines. AlkuN a few v\eeks betv\een 
v^utr sch^^Kil's fair and the c^>unty oi 
regional fair so students can polish 
their presentations or collect more 
information. 

Select one tentative date and at least 
^.»ne alternate date before making an 
appointment with the principal and 
the activities director. Schedule the 
fair at a time that v%on't conflict vMth 
nian^u spi^uting events oi meet 
mgs that take the science teachers out 
of the building. 

Check vNith the persi.»n m charge oi 
the room you hope to use. Each year 
the am^^iunt ^.if space i\e retjuitc gtovNs. 
find an area ^.^f y^uir sch^Kil that will 
be flexible. We hold out science fair in 
the library. \ou can alv%ays adjust (or 
iev\ci projects, but it's tough to make 
more space m tight quarters. 

Prepare and duplicate v\ritten re- 
quirements and specifications. Co by 
the county ot rcgkinal science fair rules 
and guidelines as much as possible, t^.> 
avvnd ccinflicts m case students v%ant 
io go on in competitkin. Set firm dead 
lines and stick to them. 

Distribute two copies of everything 
you prepare to every science teacher 



in the school. This way each teacher 
has a set io keep and a set to send for 
^.opying. it IS important for teachers 
t^.1 make lots ^.if extra c^.lpK's, since stu- 
dents Will be sure io lose theirs during 
the weeks before the fair. 



The scientific method 
Stress the scientific method thruugh- 
out the fall. Sfjdents have a difficult 
time working: with experimental de- 
sign, setting up a control, identifying 
independent and dependent variables, 
and 4issemblmg the components c»f a 
good experiment. Allow room in your 
less^.»n plans for many mimexpenments 
in the laboratory not just exercises 
bui K^l^o oppurtamtics for students to 
plan their own prcnedures and to col- 
lect data themselves. Many lab exer- 
cises prtivide practice in technique only. 
\out students will need more expe- 
rience in real decision making before 
they can conduct their own science 
experiments. 

Invite local scientists to your class 
to describe real research. Research 
centers and industry can often pro- 
vide speakers and films. Encourage 
students to write letters and to con- 
tact professionals themselves. 

Science fairs teach students how to 
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think on their own, but coming up 
with ideas is always difficult. Studenli; 
can brainstorm and review the pre- 
vious years' fair entries for starters. 
Suggest they come up with a differ- 
ent way to do something that has al- 
ready been done— this challenge to 
"beat the system" often fires up apa- 
thetic adolescents. A small percentage 
will never come up with a problem, 
perhaps because they refuse to think. 
When the deadline nears, I offer these 
students a ready-made problem for a 
"C" grade; 1 offer the chance for a "B" 
if they make a significant improve- 
ment on my suggestion and an "A" if 
they make improvemen.s and an oral 
presentation to the class 

Time becomes the biggest obstacle 
to running a successful science fair 
Planning time, teaching time, building 
time, research time, display time and 
perhaps the hardest to find, grading 
time The grading must fit into the 
slot between the school fair and the 
regional fair But no matter how care 
fully I plan, time runs out too soon. 

Ask for help from other depart- 
ments. The art department at our 
school provides posters and category 
signs Woodworking students make 
backboards (Ordering materials in 
large quantities saves students money 



and time.) The math department 
draws maps of the library and works 
out ptisslble rcxnn arrangements depen- 
dent on the number of displays and 
the advanced stiente students set up 
and take down the fair. English teath- 
ers help us teach research skills, some 
ev.Mi tount the written portum of the 
project for a grade. 

Each year 1 learn something »hat 
makes the schedule a bit easier. I 
schedule the fair during the final week 
of fi. st semester because the library is 
closed to students then. We alsu h.ive 
time that week for suente students, 
when they're not taking exams, to 
view the projects. When they visit, 
students complete a worksheet so I 
know they've paid attention to the 
work. Admission tickets help us con- 
trol the number uf ^tudcnts whu enter 
the fair area at une time. Be sure tu 
protect the projects from vandalism 
during visiting time, the stiente club 
might volunteer for this duty. 

TcK> many is not enough when it 
comes to judges. Ask judges early for 
their help, and expect someone to can- 
cel out at the last minute. Send out a 
letter the week before the fair to re- 
mind the judges of their commitment, 
and ask their preference for time. 1 
even call them on the eve of the fair 



Rohhu Cooihimii, //r.s/ pLu tcmtur m ///> 
.<4/uv/ Hioin' lair tti llu Dtuk Couuly 
UU'iiu' liur tor hh yroH'ti The Lllcih of 
Fusarium Oxysporum i.s, Lycopesici 
on Vtiriou> Cardat PLvih" 




for a final reminder. Judges, who are 
often scientists themselves, get excited 
about wh.it students are doing and 
prcuide great public relations when 
they return to theconmiunity. 

New this year is our Stiente Board, 
made up of past wuiners at each grade 
level, which .idvises novites. 1 would 
like to i^ee clinic^ "stablished to help 
students develop iheir ideas with the 
.lid uf others who have been there 
before. E.ich year is a growing expe- 
rience, and my goal is to have stu- 
dents organize the fair themselves with 
little help from me. in the meantime, 1 
continue to view the science fair as a 
"Mission Possible." 



Durktru Tohm ii huuh Uiulur at South 
Diult Stumor Ht^h Shoi :S40l 5.1V. lo7 
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Planning a Fair 
with a Flair 



-Brian E. Hansen- 



Though a successful science fair requires an enor- 
mous amount of time and energy, the payoffs are 
impressive: students get excited, parents become 
involved, and school-community relations are improved as 
the community is invited to take part in making the fair a 
success. That, anyway, is what we found when Sugarland 
Elementary School in Sterling, Virginia, held a fair last 
spring. More than 40 student science projects were exhi- 
bited, along with classroom science work from each class 
and seven professional and commercial science displays. 
Over 400 children and adults attended the fair. Plannirg, of 
course, was the key to its success. 

First Steps 

Sugarland's Science Fair Committee consisted of five 
volunteers— three parents and two teachers— who had ex- 
pressed an interest in the school's science program. The 
commit*'^^^ began holding monthly meetings in October, 
about five months before the March date set for the fair. 
Working backward from that date, they established a sched- 
ule that allowed them to complete preliminary planning in 
about three months. (The two additional months would 
allow students time to work on their projects.) They began 
work by drafting the rules for the competition, the entry 
form, lists of suggested topics, and a cover letter. The rules 
included the entry and project completion dates, size speci- 




ERIC 



NATIONAL SCIENCE TEACHERS ASSOCIATION 



t3 



fications for the final display, and judging guidelines. An 
important part of the rules was a statement that distin- 
guished between a scientitic experiment and an encyclope- 
dia report and encouraged students to stay away from the 
latter. The entry form asked that the student describe the 
hypothesis, methods, and equipment for the proposed proj- 
ect, and it also called for a parent's signature to indicate 
permission for the student to participate in the fair. Sug- 
gested topics were drawn from the students' science texts, 
with one list for first, second, and third grades and a second 
list for third, fourth, and fifth grades. When all the entries 
were in, the committee checked to make sure the forms 
were complete and the proposed projects practical and safe. 
(No bombs or erupting volcanoes, please.) Several students 
chose identical topics, but this caused no difficulty since the 
finished projects proved to be remarkably different. 

On with the Projects 

To make sure that students (rather than parents) did the 
projects, Sugarland's committee required that all work be 
done at school. To make this possible, they arranged to 
keep the cafeteria open after school two days a week for 
half an hour each day. A Science Fair Committee member 
and parent and teacher volunteers supervised the students 
and took attendance to find out which students needed 
reminding to work on their projects. (No matter what the 
hypothesis, if a student abandons his or her plants in the 
storage room for four weeks without water, they will die.) 
During the rest of the week the student projects were 
stored in an unused classroom. For the next science fair, 
the committee inteiiJs to add extra after-school work ses- 
sions during the crucial first and final weeks. It will also 
offer additional help for younger students. (One first grader 
cried when her project didn't work the way she thought it 
was supposed to.) 

Getting the Word Out 

The committee member in charge of publicity really had 
two jobs: he needed to stir up school enthusiasm, and he 
needed to let the community know about the fair. The 
school menu and the parent/teacher newsletter were use- 
ful in publicizing the fair and its entry deadline among 
students and their parents. The committee also aroused 
interest in the fair by sponsoring a school-wide contest to 
pick a cover design for the program. Extramural publicity 
was provided by local newspapers, which were contacted 
both when the fair was originally announced and again a 
few weeks before Fair Night, with information about the 
date, time, and place and an invitation to send photog- 
rapher-reporters to cover the fair. 

The Community Participates 

Sugarland encouraged community involvement in the 
fair by inviting scientists and science-related businesses m 
the area to set up displays of their work and products. 



Brian E. Hansen is an associale professor of English at the Loudoun Campus of 
Northern Virginia Community College, Sterling, and he served as secretary of 
the Sugarland Elementary School Science Fair Committee in 1981 -82. Photo- 
graph by Ruth Larsen, Loudoun Times-Mirror. Artwork by Marilyn 
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Science Fcdr Checklist 

Recruit five to seven volunteers (teachers and parents) who 

have good organizational skills and an interest in science to 
serve on the Science Fair Committee. 

Set time and date of fair about five months after first com- 
mittee meeting. (Clear date with principal.) 

Draft science fair rules (entry deadline, size bmits for display, 

requirements for final report and log of observations, com- 
pletion deadline, judging guidelines). Emphasize requirement 
that all work be done by students. Urge experiments rather 
than reports. 

Design entry form (name, project title, hypothesis, method, 

materials, places for student and parent signatures). 

Make up lists of suggested topics. Check with teachers, 

librarian, and science texts for ideas. Have separate lists for 
upper and lower grades. 

Draft cover letter from principal introducing fair and ex- 
plaining rules and schedule of after-school work sessions. 

Design final report form (student number, project title, 

grade, hypothesis, method, summary of observations, con- 
clusions). Don't leave space for student's name because proj- 
ects are to be judged anonymously. 

Design judges' evaluation form (number and title of pioject 

by grade, boxes for scores in each category). 

Organize school-wide contest to select cover design for 

program. 

Ask teachers to save their students' classroom science work 

to display. 

Locate and reserve a vacant classroom where students can 

work on and store their projects. Projects need to be locked 
up between work sessions. 

Schedule parent and teacher volunteers to supervise the 

after-school work sessions. 

Publicize (l)application deadline, (2)science fair night, and, 

after the fair has taken place, (3) the winners. 

Find judges (high school and college science teachers, district 

science supervisors, professional scientists). 

Find commercial exhibitors and professional science demon- 
strators. 

Solicit prizes or contributions to buy prizes. 

Order ribbons and certificates for participating students. 

(Some companies will print the event and school's name on 
them.) 

Arrange buffet for judges and demonstrators who may 

work through dinner before the fair opens. 

Plan and type the science fair program. 

Plan arrangement of booths to allow plenty of room for 

spectators. 

After the fair is over, send thank-you notes to parent and 

teacher volunteers, judges, and demonstrators. 
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— William Mills, courtesy of Montgomery Co. Public Schools, Md 



(Here was an additional area in which parents were an 
important resource.) These contributions, which were a big 
success, included moon rocks and a model of the Space 
Shuttle provided by the National Aeronautics and Space 
Administration and the telephone company's laser equip- 
ment. Visitors could operate broadcast equipment from a 
television station or inspect a sound truck belonging to a 
radio station, examine home computers lent by a local bus- 
iness or a microscope and slides supplied by a medical labo- 
ratory technician. 

Judging 

Each class had a display of the science work that students 
had done during the year. These displays allowed s^* ^ents 
to take part in the fair in a noncompetitive way. It also 
drew additional parents on science fair night. Judging the 
more than 40 projects entered in competition was done by 
a nine-person panel selected by the Science Fair Committee 
and composed of college science teachers, scientists, and 
science supervisors in the school system. Parents of stu- 
dents in the school were not eligible to serve on the panel. 
The criteria used had been adapted from thuae of Science 
Fairs International,* and they were weighted to reward 
expenmentation rather than mere neatness, as follows. 



Creative ability 
Scientific thought 
Thciroughness 
Neatness 



35 
35 
20 
10 
100 



Each judge worked independently to evaluate all ihe proj- 
ects for one or two grades, recording scores on a sheet 
listing project titles but not student names; and each project 
was evaluated by three or four judges. First and sc^^.ond 
prizes and honorable mentions in each grade were con- 

• Write Science Service, National Science Fair International, 1719 N St., 
jJr^ Washington, DC 2O036. 
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f erred according to the total points awarded by judges, who 
based their evaluation on a student's table display, including 
the equipment used, final report (hypothesis, method, sum- 
mary of observations, conclusions); log of observation?; 
and, frequently, a posterboard explanation. 

What About the Prizes? 

The prizes were donated by local merchants or purchased 
vdth money from parent/teacher organization funds. (The 
committee tried to interest national chain stores in con- 
tributing prizes by contacting both their local outlets and 
their headquarters but had no luck.) First- and second- 
place winners Were presented with a certificate and an 
award— for example, a globe, book, or scientific model. 
Those who ear- :d honorable mention received a certificate 
and a pamphlet about the space program. Each entrant got 
a blue ribbon. 

Last*minute t)etails 

After lunch on the day of the fair, several volunteers and 
the Science Fair Committee chairman arranged the tables 
in the cafeteria. They grouped the tables for the competi- 
tive science projects by grade level in the center of the room 
and the ones for the classroom science work and the profes- 
sional-commercial demonstrations around the walls. Right 
after school, students set up their science projects, and 
teachers brought in their classes' science work. The judges 
began evaluating the projects at 5 P.M. and the businessmen, 
technicians, and scientists setting up their displays at 5:30 
P.M.. By 7 P.M., with the judging and preparations complete, 
everyone got a chance to eat a buffet dinner of sandwiches, 
salads, coffee, and soft drinks provided by the parent/ 
teacher organization. The fair began at 7:30 PM with a 
ten-minute program consisting of thanks to the parents 
and teachers who had worked on the fair and the present- 
ing of prizes and certificates to the winning students. Then, 
for the next hour and a half the Science Fair Committee 
got their prize— they watched 400 students and parents 
enjoy the fain 
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other Sources 
of Information 



AIRPORTS 

If your project deals with aeronauln.&, an air- 
port is *i logical place to locate infurmatiun Air- 
ports often employ meteorologists that may help 
with projects dealing with the weather 
ANIMAL HOSPITALS 

Often, veterinarians are willing to help with 
science projects. If you request help, call several 
weeks in advance for an appointment. 
BOTANICAL GARDENS 

Plant specialists can be found at botaniLal 
gardens Maybe your community has a Garden 
Club with members who know about plants 
COLLEGES AND UNIVERSITIES 

Colleges and universities have more than one 
thing to offer. Their libraries will probably offer a 
wider selection of references than a local library. 
Scientists on the faculty may help you dnd even 
allow the use of their laboratory facilities 
GOVERNMENT AGENCIES 

Government agencies are usually listed under 
"Federal," "State," and "Munincipal" categories in 
the telephone book. 

The United States Government Printing Office 
is also an excellent resource. Send a letter indio^t 
ing what topic area you are interested in and they 
will send a catalog of available books and pam- 
phlets. The address is U.S. G. P. O., Superintend- 
ent of Documents, Washington, D.C. 20402 
HOSPITALS 

Many hospitals have an education depa.tment 
you can contact Perhaps your physician, dentist, 
or eye doctor can also give you help. 
INDUSTRIES 

Major industries often have specialists who may 
be willing to help. Try locating them with the 
telephone book or magazine advertib^mtnti>. 
When writing to cor|X>ration5, Include "Public 
Relations Department/' in the addressing of the 
envelope and letter, 

NATURE CENTERS 

Naturalists at nature centers might be able to 
give information if your project involves natural 
environments and ecosy&temb The Audubon 
Society can direct you to nature centers and ev r- 
onmental centers throughout the United States. 
TELEPHONE BOOKS 

The Yellow Pages of a telephone book, will list 
names, addresses, and general product mtorma- 
tion When calling anyone, remember to be polite. 
Give your name and tell exactly why you are 
calling. 

ZOOS 

Most major cities have zoos, and most have 
education departments or zoological societies that 
may be able to help They may be able to arrange 
a meeting with an animal keeper or zoologist A 
visit to the zoo may also help you decide on a 
topic. 

Reprinted with permission from hiu\s and Boll$ A 
Mailer of Tad Gurde h Saeme fair Projeih by Barry A. 
VanDeman and Ed McDonald, published by The 
Science Man Press, Harwood Heights, IL 60656. 

erIc 



The Library Can Help 



X 



_ _ o the young scientist preparing 
for a science fair, libraries offer a wealth 
of inspiration and information. 

Here is a list of ways libraries can 
help with school science fairs; explore 
them with your librarian and principal. 

Update your coUeciion of $dence titles. Ask 
the librarian to show you the science 
shelves or shelf list. Then suggest, by 
subject or title, books and periodicals 
needed. Offer to help weed the collec- 
tion of obsolete material Just an hour 
of your expertise could make a dif- 
ference. 

Contribute to the library s vertical file 
of clippings and pamphlets on science 
subjects when you can. Suggest sub- 
jects for new files which could help stu- 
dents with science projects. 

Does the library offer students help 
with scientific inquiry— with making 
projects scientific? Consider acquiring 
some good books and filmstrips on the 
scientific process. 

Above all, be sure you know how to 
check out different media and equip- 
ment. Can you locate items by subject? 
Can your students? 

• Establish special circulatiou rules preceding 
the science fair. To avoid chaos and allow 
ample access to useful materiaU, ask 
the librarian to set special circulation 
rules for the weeks prior to the fair. 
Books dealing with physical science ex- 
periments might be reserved for two- 
day checkout, one per student. Or, 
arrange these books on a work table m 
the library, not to be checkecj out at all 
before the fair. 

• Set special study schedules. Just before 
the science fair, the library might reserve 
more time for independent study or for 
entire classes to research projects under 
their teacher's guidance. Ask parents to 
help during these times. 

• Offer an in-service library session for 
teachers Before introducing the science 
fair to students, arrange a library ses- 
sion for teachers. The librarian ran re- 
view the range and location of science 
materials, show pictures or slides of past 
fair projects, and discuss library rules 
and processes. 



• Introdua or review library and study skills. 
Students will be motivated to learn these 
skills when they need them to complete 
projects. Just before the students begin 
their research, review the use of the 
card catalog and media lifting, emphas- 
izing science reference book sections. 
Discuss the Dewey Decimal System— 
especially 500s and 600s (pure science 
and applied science). 

• Record projects m progress. The librar- 
ian can list in a prominent place all the 
science projects in progress and the 
names of students working on each. 
The recognition could induce reluctant 
students to participate. List projects by 
general subject and Dewey Decimal 
numbers, e.g., Projects on Magnetism 538. 
The list will indicate when to stop re- 
stricted checkouts and order additional 
materials. 

• Correlate science and language arts. As 
the science fair approaches, the librar- 
ian can arrange presentations to stu- 
dents to include materials related to 
science subjects. What better time for 
using nature poetry and haiku for 
example, than when students are work- 
ing on nature experiments? 

The librarian might invite students 
who are participating m the science fair 
to write short science fiction stories. 
Such activities offer a break from work- 
ing on projects while building students' 
interest in science. 

• Offer science tenters. Set up science 
interest centers during the fair or before. 
Assign responsible students to help pre- 
pare these. Each center should present 
an investigation for students to perform, 
provide materials necessary for the job, 
and buggest means for evaluating 
results. 

• Display winning works. Students learn 
more from others' projects if they have 
plenty of time to examine the experi- 
ments. So, after the fair, honor the win- 
ners by displaying their projects m the 
library media center. 

—Marge Hagerly, Lbrarian 
Chmn Elementary School 
Kansas City, Missouri 
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MASTERING 

the 

SCIENCE FAIR 



Do you feel overwhelmed by details at 
the very thought of a science fair? You 
don't have to. Gse this master schedule 
as your checklist^ and spread those tasks 
out over a year s time. 

I've been perfecting this schedule for 
about ten years, so I know it works. I 
began to develop it because as a young 
teacher I was a lot like my seventh-grade 
students— long on energy and 
enthusiasm, but short on organizational 
skills. The details became unmanageable. 

Even a seemingly innocuous detail like 
arranging space for the fair can cause big 
problems if it's not attended to far 
enough in advance. The first science fair I 
organized was elbow to elbow with 180 
students packed into the cafeteria. Now I 
reserve the gym a full year ahead of time. 

I start by going over the basketball 
schedule with the athletic director to 
make sure the gym is free, and my 
seventh graders aren't scheduled for an 
away game on the night I want. Next I 
explain to the gym teacher that we'll need 
to set up on the day of the fair, and offer 
to trade spaces with her for that one day. 
Rnally, when I've gained the cooperation 
of both the athletic director and the 
physical education teacher, I go to the 
principal and make a building request in 
writing. I also reserve the cafeteria as a 
hospitality area for the evening of the fair. 
This gives parents a place to be while the 
judging is going on. 

Preparations inside the classroom also 
begin a year in advance. Each spring, I 
visit the various sixth-grade classes to tell 
them about the science fair. This gives 
the students lots of time to start thinking 
about science projects. I bring some of 
my most successful seventh graders 
along to demonstrate their projects, I 
share our "brag book" of pictures, 
newspaper clippings, and other evidence 
of the recognition my students have won 
at district and state fairs. This introduction 
to the science fair stirs up enthusiasm 
and anticipation. 

The next fall, I give the students 



experiences with hands-on labwork. They 
learn the scientific method by performing 
controlled experiments. The students 
practice for the fair by writing up several 
of their experiments as formal 
summaries, including question, 
hypothesis, materials, procedures, results 
in a chart or graph form, and a 
conclusion. 

Early fall is also the time to draft a 
schedule specifying the minimal 
requirements for the science fair and 
setting a due date for each requirement. 
The six requirements are: (1) perfor- 
mance of an experiment with data 
collection, (2) a formal summary of the 
experiment, (3) a research report with 
bibliography, (4) a visual backdrop, (5) an 
oral presentation, and (6) attendance on 
the night of the fair. 

Structure is vital to the success of the 
fair. The schedule of steps and due dates 
provides the solid framework middle 
school students need. A number of my 
"leaming disabled" students have won 
high honors at district fairs thanks to the 
structure the ten-week student schedule 
gave them. 

Communication between home and 
school is another vital element to 
planning a science fair. At the first 
parent/teacher conference, I give parents 
a copy of the schedule and a letter that 
fills in the details. Parents are consistently 
supportive when they know what will be 
expected of their children. 

Students spend three of the total ten 
weeks deciding on a project. Choosing 
the right project is the most essential step 
of the whole process, I don't want any 
student to work on a project which is so 
undemanding he or she won't leam from 
it, but I also don't want projects so 
difficult that students are set up for 
failure. Most seventh graders have never 
had to make choices of this kind before, 
so they need patient guidance. 

To be fair to the students, judging 
criteria are based on the requirements 
they have been asked to meet. I give 



copies of the judging sheets to students 
well in advance so they know how their 
projects will be rated. They will eam 45 of 
the 100 possible points just for meeting 
the basic requirements. Knowing this 
motivates them to keep on schedule. The 
remaining 55 are quality points which 
indicate how well they meet the 
requirements. 

When science fair day finally arrives, I 
can relax and enjoy myself. It's like a 
wonderful party! Students are dressed up 
and on their best behavior. The 
gymnasium has a holiday air. I make sure 
that I am free to greet the judges, who are 
local professional people. I put a high 
premium on student/scientist interaction. 
I don't assign judges more than four to 
six projects each. Students spend a class 
period after the fair writing personal 
thank-you notes. As a result, judges are 
eager to keep coming back year after 
year. 

After the school fair, the students 
designated to go to the district fair get 
together to further improve their projects. 
Again, structure and communication are 
essential, so I arrange a time after school 
for each student and a parent to meet 
with me, read the judges' comments, and 
draw up a contract for the tasks the 
student agrees to do as part of our 
school's science team. These tasks 
include preparing the oral presentation 
for videotaping and practicing it in front 
of the sixth-grade classes when I make my 
spring visits. This completes the yearly 
cycle which began the previous spring. 

RUTH BOMBAGGH 
Langston Middle School 
Oberiin, Ohio 
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Master Schedule for Director of the Fair 

During the School Year Previous to the Fair 



Preparation Outside the Classroom 

Reserve the gymnasium for the whole day of your fair. 
(Talk to athletic director, gym teacher, principal.) 

Reserve the cafeteria as a hospitality center for the 
evening of yoiu* fair. 

Urge fellow teachers to assign your prospective stu- 
dents a research report. 

Plan the format of your fair with the other teachers 
who teach the same grade. Possible options include: 

1) An Interdisciplinary Science Fair: all students do 
a science project but the library research is a social 
studies assignment, the backdrop is an art assign- 
ment, the graphs are a math assignment, etc. 

2) An Academic Fair: all the teachers cooperate, and 
students may choose to do either a math, social stud- 
ies, science, or language arts project. 

3) A Science Fair only the science teacher oversees. 



Before Students Start to Work on Their Science 
Fair Projects 



Preparation Inside the Classroom 

Visit the science classes to tell all prospective students 
about the science fair. 

Schedule the current science team to give presenta- 
tions to the prospective students and display their 
finished products. 

Help any interested students to design science fair 
projects which they can work on during the summer. 
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Preparation Outside the Classroom 

Prepare letter for parents which states requirements 
that students must meet. 

Prepare week-by-week schedule for students telling 
what they should be working on and what deadlines 
they should meet. 

Prepare judging sheets. 

Prepare award certificates and order ribbons. 
(Any student calligraphers ?) 

Reserve public library and school library time for 
students to be shown reference materials. Arrange to 
have reference materials in the classroom too. 

Reserve space and time for awards assembly. 



Preparation Inside the Classroom 

Stress hands-on lab experiences with data collection 
in your science classes. This reinforces concepts and 
helps students learn the scientific method in a con- 
crete manner. 

Require students to write up their lab experiments in 
science fair form. Make sure they have all the parts of 
an experimental summary — question, hypothesis, 
materials, procedures, results in a chart or graph 
form, and a conclusion. 
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During Student Preparation of Science Fair 



Preparation Outside the Classroom 

Contact resource people when they are needed for 
assistance. 

Two to three weeks before the fair, line up your judges. 
(Personal contact by telephone works best.) 

In the Ten Days Leading Up to the Fair 



Preparation Inside the Classroom 
Give it your all! 

Follow the week-by-week schedule, and anticipate 
students* need to learn new skills. Teach how to write 
bibliographies about a week before they're due. 



Preparation Outside the Classroom 

Arrange hospitality. (Your school secretary, principal 
and/or fellow teachers may be willing to be hosts. 
Could the home economics students bake cookies?) 

Make up thejudging assignments and group sheetsfor 
each judge. 

Make up name tags for the judges. 

Arrange to have a volunteer photographer. 

Alert the media (newspapers, radio, local TV). 

Set up the tables and a microphone the evening before 
the fair. 

On the Actual Day of the Fair 



Preparation Inside the Classroom 

Continue to follow the week-by-week schedule and 
DON'T PANIC. The Last-minute Lizzies will often do 
wonders when the time crunch is on! 

Go over thejudging sheets in class and have students 
fill out the tops: name, date, title, number of project. 





During the School Day 

Have students set up their projects during the class 
periods. 

Let other grades view the projects, with your students 
serving as hosts. 

Remind students to dress well for the fair and to be 
polite. 



After the Fair 



During the Fair in the Evening 

Be sure you have delegated as much responsibility as 
possible. This involves more people in the fair and 
leaves you free to trouble-shoot. 

Greet your judges! (They are V.I.P.'s.) 

Enjoy yourself ! 



Finishing Up Local Fair 

Average the judges* scores. 



Preparation for District Fair 



Fill in names on award certificates and host awards ^""^"^ together a science team of student volunteers 
assembly. meet with each parent and student to draw up a 

contract of responsibilities. 

Write articles for the newspapers. 
Have students write thank-you notes to judges. 



Help each student follow through on his/her contract. 
Videotape the science team. 
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The What, Why, 

and 

How of Projects 

A science project should begin with curiosity and foster wonder. The 
best projects stretch students' investigative skills: questioning the 
world, wondering how it works, and delighting in and coming to 
understand its mysteries. But most students have little or no expe- 
rience in the art of doing science. Use this section to help your stu- 
dents come up with project ideas. You can teach students how to 
design and to carry out projects and to think like scientists. 
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How To Create 
Problems 

Coming up with a suitable research topic is tough. 
Make it easier with this reliable approach* 

hy Juliana Texley 



High schoolers have little 
or no experience in the 
art of doing science. The 
most critical part of re- 
search—generating a 
problem that can be investigated — is 
far beyond their reach without guid- 
ance and training. How often have 
you suggested elegant schemes for 
student investigation, only to be met 
with "Can I play music to plants?" 

Many of the winners of the West- 
inghouse Science Talent Search and 
other competitions work in tandem 
with researchers; that fact alone daunts 
many of us who hope to guide our 
students in the same direction. But 
most curricula can encompass research 
skills and a framework for coming up 
with project ideas and designs. Prob- 
lem generation does not have to be 
serendipitous. You can teach it, as you 
can teach other process skills. 



The second year 

At Richmond High School we restruc- 
tured the second-year biology class to 
emphasize individual research. As we 
covered topics in anatomy and botany, 
we wove an unbroken thread of re- 
search methodology throughout the 
year. In this school, the first*year 
biology program covered so much in 
so little time that it didn't allow for 
research. The second-year course was 
the ideal place to start learning how to 
do independent investigations. 



During September each class begins 
with "idea time." From a file of clip- 
pings and journals, I read hypotheses 
and abstracts that catch my eye. (We 
often use Science Briefs from TST.) 
For each topic, we discuss the student 
research possibilities, using a modifi- 
cation of a system known to educa- 
tional researchers as Campbell and 
Stanley designs [l]. We were guided 
by the following questions: "What is 
the best way to investigate this topic?" 
"What equipment (or subjects) would 
we need?" and "What are the major 
potential sources of error (invalidity)?" 
Students never take long to catch on. 



One-shot research 

Figure 1 shows five experimental de- 
signs. T indicates one test or trial of 
an experiment, and X is a treatment. 
Time passes from left to right. This 
simple system (not too different from 
the diagram of a football play, accord- 
ing to my class) applies to all types of 
experiments in the Campbell and Stan- 
ley system. 

^n Figure la, often dubbed the one- 
shot pretest/posttest, one group or 
subject was tested, exposed to a treat- 
ment, and then tested again. Although 
this scheme is a poor one in the life 
and social sciences (it has no control, 
and observations on one organism can- 
not be generalized to others), it can 
sometimes be relatively meaningful in 
the physical sciences. The following 
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In the days h.c. (before computer), such 
designs were difficult for students to 
ancdyze^ It is hard to convince young 
scientists that they can compound their 

errors hy relying on the streams of 
decimals on their VDTs and calculators. 



projects fit the experimental design: 

• How does blanvhing affect the 
activity of enzymes ,n vegetables? 

• How does adding a mordant affect 
the action of a fabric dye? 

• How does stress affect the 
strength of a given plastic? 

• How would adding a barrier of 
foliage affect sound transmission? 

If you have a microcomputer, you 
can measure the results of these types 
of experiments relatively accurately by 
interfacing laboratory equipment. But 
this design is very limited. You can 
quantify "one-shot" experiments, but 
usually only with a histogram. While 
histograms are the most common way 
to display data in most science fairs, 



they are only a rudimentary tool. The 
key danger in an experiment of this 
design is overconfidence. One trial is 
seldom enough to draw any sort of 
conclusion in science — and it seldom 
takes students long to recognize this 
fact with the help of diagrams. 



Controlling the problera 

The randomized control group design 
is the standard for student project 
work in biology. (See Figure lb.) With 
it, students compare the pretest (or 
initial condition) and the posttest (or 
final condition) with a control group. 
In its simplest form, this design pro- 
vides data for the Students /-test (to 
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determine the difference between 
sample means) or for chi-square anal- 
ysis (for data in frequency form). The 
distinction between discrete and con- 
tinuous data (and between histograms 
and line graphs) requires a great deal 
of class time. (In most math books 
students are taught to make both 
types of graphs, but they are never 
taught when to use each.) By con- 
trast, students can figure out that 
the reliability of a randomized con- 
trol group test depends on the num- 
ber of subjects in the experiment. 

As my classes discuss projects that 
are suitable for this design, we care- 
fully define random and control This is 
difficult because many students do not 
know how to isolate variables, and we 
have to stop to sort out the confusion. 

Here are some examples of random- 
ized control group experiments: 

• How does electromagnetic radia- 
tion affect the orientation and flight 
of honeybees? 

• How does calcium affect geotro- 
pism in plants? 

• How does noise (interference) af- 
fect short-term memory? 



Varying variables 

You can strengthen designs such as 
those above if you apply the variable 
in a series of strengths, durations, or 
forms. (See Figure Ic.) Try some of 
these examples: 

• What is the relationship between 
the concentration of fertilizer and the 
growth of plants? 

• What is the relationship between 
the type of metal bowl and the stiff- 
ness of egg whites beaten within it? 

• How does the wavelength of light 



Juliana Texley, Ihe editor of The Science 
Teacher, formerly laughi biology al Rich- 
mond High Schc^l Richmond, Michigan* Al 
present, she heads the science departme^\t at 
UniversHy-Liggett School, 1045 Cook Rd., 
Grosse Pointe, MI 48236. 
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affect seed germination? 

• How does relative humidity affect 
plant growth or the se?i ratios of in- 
vertebrate offspring? 

In the days b.c. (before computer), 
such designs were difficult for students 
to analyze. It is hard to convince young 
scientists that they can compound the 
errors of their observations by relying 
on the streams of decimals pumped 
out on their VDTs and calculators. So 
we pause again to take a practical look 
at significant figures and why we need 
them. 

Today most micros can perform a 
relatively straightforward statistical 
technique called analysis of variance. 
As the need arises in our discussion of 
experimental design, I explain the sig- 
nificance (but not the mathematics) of 
each statistical method, deliberately 
adding the terms slalisticall}/ significanl 
and one-tome correspondence so that stu- 
dents will not forget the meaning (if 
not the method) behind each tech- 
nique. 



From beginning to end 

In biology, obstr'ations over time are 
often more valuable thrn single tests. 
The Campbell and Stanley design for 
this type of experiment is shown in 
Figure id. Students might investijgate 
changes in the pH of egg white as an 
egg ages, changes in the reflex rate of 
animals as they age, or changes in the 
oxygen production by algae over time 
(biorhythms). When they inject a treat- 
ment into a time series, students often 
must rely on a computer for curve fit- 
ting and extrapolation. This is espe- 
cially important when a student has a 
practice effect to take into account. 
For example, one of my students de- 
cided to test the question "Do video 
games increase hand-eye cocdina- 
tion?" But first, she had to determine 
the expected improvement caused by 
practice and then compare it to any 
significant experimental effecN 

The final Campbell and Stanley de- 
sign allows you to compare progres- 



The end product of most of this research is a 
formal paper and puhlication of an 
abstract in our high school Journal of 
Science, a booklet that serves not only as 
a source of pride hut also as a reference 
for next yearns apprentice scientists. 



sive changes in a subject over time to 
a control. (See Figure le.) This setup 
might represent such research as "Do 
neuroinhibitors affect metamorphosis 
in insects?" or "Can variations in the 
growth rings in fish scales (or trees) 
be correlated with specific environ- 
mental events?" 



Now, it's my turn 
As the class discusses each hypothesis 
or abstract and develops the appro- 
priate design for an experiment, I ask 
students to think of potential sources 
of error and variations on the theme 
of the experiment. (Aithough we do 
not use ^ text, many books on research 
methods look very thoroughly at dis- 
cussions of the sources of invalidity 
associated with each design (l).) 

After a week or so, students begin 
to bring in their own clippings and 
ideas. We sometimes construct a "Tear 
and Share" bulletin board. Naturally, 
not all ideas fit into one or more of the 
Campbell and Stanley designs, so often 
we improvise and devise our own sym- 
bols. Our collection is sometimes 
raided, but students usually settle on 
ideas of their own. 

After a month, students narrow 
down their field of research and con- 
tact a researcher who can answer their 
questions. The majority receive gra- 
cious responses, reprints, and sage 
advice. Some students move on to li- 
brary research, and by November each 



student has a problem to concentrate 
on. Most problems are unique enough 
to keep both student and teacher" in- 
trigued for a few months. 

Knowing full well that the majority 
of these teens are poor time manag- 
ers, I always break up the research 
project into small units (problem, bib- 
liography, proced»5re, materials collec- 
tion, and so on) and enforce firm dead- 
lines. Every year I have several well- 
intentioned procrastinators who miss 
their mark, aij well as some who are 
determined to find nothing of interest. 

But, in retrospect, this system has 
proved overwhelmmgly successful. 
Many students carry their research 
on to competition, but the course 
structure clearly deemphasizes this as 
a goal. The end product of most of 
this research is a formal paper and 
publication of an abstract in our high 
school Journal of Science, a booklet that 
serves not only as a source of pride 
but also as a reference for next year's 
apprentice scientists. 

It takes more than motivation to 
generate problems for research from 
scientific literature. It takes experience 
and a structured approach to a prob- 
lem, too. Persistence does pay off. The 
cost— less content covered— is far out- 
weighed by the rewards. ■ 



Reference 

1 Campbell, P. T., and J. C. Stanley. Expcrimfnlal 
and QuaittTpmmenlal Dtitgn for Reifanh, Chicago: 
Rand McNally, 1966. 
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Do Mouthwashes Really 
Kill BacteriaZ 



by Thomas R. Comer 



Mouthwashes and 
disinfectants are good 
subjects for sdence 
fair projects. But students 
must be careful to judge 
effectiveness correaly. 



A.: 



s a bcicncc foir jud>;c, I 
have seen many projects* 
.set up to test how well 
various household or oth- 
*er commercial products 
such as detergents and mouthwashes, 
fight bacteria. Students have a hard 
time doing such research correctly. 
Generally, the young experimenters 
expose bacteria to filter paper dishes* 
treated with the product and then 
judge the effectiveness ol the substanu- 
incorrectly by comparing the diame- 
ters of the zones of bacterial inhibition. 

Migh school students seldom realize 
that a larger inhibition /one may not 
reflect a greater susceptibility of a lest 
bacterium to a particular a' live ingre- 
dif»nl; instead, it may rellect only a dif- 
lereme in the diffusion coefficients of 
thi* two active ingredients. The devel- 
opment of an inhibition /one is com- 
plex and depends upon a number of 
factors, many of which might be be- 
ytMid secondary school scientists. 

Two other errors, which are more 
serious, however* compromise the sue 
cess of the piiiject. The first invi»lves 
the choice of broth media rather than 
solid media in Petri dishes, the second 
is the use of irregularly shaped bits of 
filter paper. The second error is con- 
siderably more common. Using broth 
defeats the whole idea of the test, to 
fix bacteria in space so that an inhibi- 
tion /one can, in fact, develop. (The 
thermal agitation and bacterial motil- 
ity, if any, in broth prevents /ones 
from forming.) Irregularly shaped discs 
prompt irregular diffusion paths which 
are impc>ssiblo to measure. 

Nevertheless^, the experiment is truly 
valuable. So let me suggest a better 
techniciue and, for advanced students. 




two additional pnxeduivs for intrixluc- 
ine quantitative analysis into the ex- 
periment. 

Impregnating filter paper disiswith 
an antimicrobial agent :sa reliable way 
to test the effectiveness of chemicals 
against various bacteria |8|. This tech- 
nique forms the basis of standard anti 
biotu tests performed in most hospn 
tal and commercial diagnostic labora- 
torus |4|. In these tests, purecultuivs 
of the suspected pathogenic bacterium 
are exposed to discs of a single poten- 
ly. Although different for each anti- 
biotic, the concentration on the disc is 
carefully chosen, based on results from 
tests with different cenicentrations as 
well as on correlations with other types 
of analyses |4|« After incubation, a re- 
searcher measures the diameters of 
the inhibition zones and compares 
them to a standard chart, packaged 
with the discs, to determine whether 
the bacterium is fully resistant, fully 
susceptible, or of intermediate suscep- 
tibility. Only an antibiotic to which 
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llv? pathogen is fully siisceplible mnild 
or should be used iherapeulic.illy. 

How wide the inhibitions? 
The diameter of the zone irxlicaling 
full susceptibility varies markedly with 
both the oaci^rium and the antibiotic 
in question. Thus, an antibiotic to 
which a particul.^r bacterium is resis- 
tant may produce .1 iarj»er inhibition 
zone than another antibiotic to which 
the same organism is susceptible. (See 
Figure 1.) For example, a zone diame- 
ter of <17 mm Indicates resistance to 
novobiocin in all bacteria tested, but a 
zone diameter of >n mm indicates 
susceptibility to colistin in the same 
bacteria. 

Similarly, for a given antibiotic, a 
large zone may or may not indicate 
susceptibility, depending on the bacte- 
rium being tested. For example, a zone 
diameter of >1 4 mm indicates suscep- 
tibility of Escherichia coli, but resistance 
of Staphylococcus aureus to ampicillin. In 



fact, for 5. aurcii> to be considered sus- 
ceptible to ampicillin, the zone diame- 
ter must reach at least 29 mm. There- 
fore, a student can neither conipare 
the effectiveness of different agents 
against a single bacterium nor the 
degree of susceptibility of different 
organisms to the same agent simply 
by comparing the zone diameters 
without consulting reference tables. 

I do not mean to say that you should 
discourage students, especially in lower 
grades, from doing the investigation. 
Rather, point out the problems and 
the necessary safety precautions, and 
encourage them to continue. They will 
gain not only useful bacteriological ex- 
perience but also some insight into 
the merits of advertising claims. 

At the outset of the experiment, 
students must decide which agents, 
organisms, growth media, and mate- 
rials to use. In choosing antibacterial 
substances, students are limited only 
by their experience and imagination. 
Some examples include mouthwashes. 



household disinfectants, laundry deter- 
gents, toothpastes, and deodorants. 
Liquid products are easier to test but 
solids can be used in solution, such as 
1 g dissolved in 100 mL of sterile dis- 
tilled water in a sterile container. 



Keeping it clen^ 

Ideally, the products you want to test 
should be sterile. You can determine 
whether or not a product is sterile by 
pipetting several drops of it onto a 
pla*.? of the growth medium you are 
pl.mning to use in the experiment. Use 
a sterile pipette. Incubate the plate for 
at least one week at room tempera- 
ture (or 3 days at 37® C). Products 
that show contamination (a lesson in 
itself) should be sterilized, preferably 
by passing them through a mei/ibrane- 
filter device (such as the No. 20 a\.iil- 
able from Nalge Co., 75 Panorr.ma 
Creek Rd., Rochester, NY 14602). If 
the product contains alcohol (some 
mouthwashes and disinfectants) and 
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High school students seldom realize 
that a larger irihihition zone may not 
reflect a greater siisceptihility 
of a test bacterium to a particular 
active ingredienU 



must be sterilized, you must use a filter. 
You can obtain pure cultures of non- 
pathogenic bacteria from most supply 
houses or from the American Type 
Culture Collection (12301 Parklawn 
Dr., Rockville, MD 20852; ask for Pre- 
ceptrol cultures). Escherichia coli is prob- 
ably the best choice because of its im- 
p)ortant role in the development of 
molecular biology and its ability to 
grow in simple media ov^r a wide tem- 
perature range. But Staphylococcus epi- 
dermidis, Bacillus mcgaterium, Bacillus sub- 
tilis, and Bacillus cereus are easy to grow, 
too. A comparison between £. coli, a 
gram-negative bacterium, and one of 
the other three, all gram-positive bac- 
teria, could make an interesting study. 
Bacteria of the genus Streptococcus, which 
constitute the bulk of the oral micro- 
flora (9), are the ideal choice for test- 
ing mouthwash. But they do not grow 
well on readily available media and 
present real safety problems; b'^th of 
these facts argue against their use. 



Breeding your own cultures 

Alternatively, students can isolate and 
grow their own pure cultures. House- 
hold dust, garden soil, and unwashed 
fingers are good sources of bacteria. 
Students can harvest organisms from 
dust by inverting an open plate of 



Thomas R. Comer is an assistant professor in 
the Depl of Microbiclogy and Public Health, 
Michigan State University, East Lansing, Ml 
48824. 



growth medium over a dust source — 
under a bed or desk or in the corner of 
a room — and then tapping the plate 
gently on the dusty surface. This will 
blow organisms onto the agar. You 
will find it best to sample soil by pre- 
paring a slurry (for example, 1 g in 
about 100 mL of sterile distilled water). 
Allow the large debris to settle out, 
and then transfer a drop of the sus- 
pension to the plate of growth medium 
and streak the drop. You can sample 
finger bacteria simply by rubbing your 
fingers over the surface of the agar. 

Whatever the source of the bacte- 
ria, incubate the plate at room tem- 
perature or other suitable temperature 
(siich as 37° C until you can see colo- 
nies. If blood agar is available, isolate 
oral flora with throat swabs, but then 
use Mueller-Hinton agar for testing. 
(In collecting oral flora with throat 
swabs, you always face the p)Ossibility 
that you have pathogenic bacteria, 
even frorn healthy throats, in your 
sample. Therefore, swab only the sur- 
face of the tongue and teeth. Always 
caution students to u'ie proper micro- 
biological techniques at all times, and 
never let inexperienced students use 
pathogenic culiures.) 

Once colonies of bact'^.ria appear on 
the disc, use a sterile device, such as a 
bacteriological loop or needle, to trans- 
fer a single colony to fresh growth 
medium. Streak the colony so that 
after incubation you will have isolated 
colonies for a second time. One of 
these colonies can then serve as an 
inoculum to maintain slants (prefer- 



ably in screw cap tubes). Prepare the 
slants by filling test tubes about half 
full with molten agar. Close the tubes 
and sterilize them. Then, while the 
agar is still hot, put the tubes at an 
angle of about 15°, and let the agar 
solidify. Each week, transfer the 
growth on the slants to fresh slants to 
maintain a source of inoculum for the 
test plates. 



Media for growing 

Any of the following growth media 
are suitable for the tests: nutrient agar 
(Difco Products, PO Box 1058, Detroit, 
MI 48232); tryptose blood agar base 
(no blood) (Difco); trypticase soy agar 
(BBL Microbiology Systems, PO Box 
243, Cockeysville, MD 21030); and 
Mueller-Hinton agar (Difco and BBL). 
Most scientific supply houses carry 
these products. For the bacteria I men- 
tioned earlier and for organisms iso- 
lated from natural sources, except 
throats and oral cavities, nutrient agar 
is adequate. The others are richer in 
nutrients. Standard antibiotic disc 
assay systems use the very rich 
Mueller-Hinton agar. You can buy all 
of these media in powdered form for 
reconstitution with distilled water fol- 
lowed by sterilization. Some media may 
be available (at higher cost) as pre- 
poured plates and slants. You can also 
get newer instant media. Prepoured 
blood agar plates (tryptose blood agar 
base or trypticase soy agar plus 5 per- 
cent blood, usually from sheep) are 
sold commercially but sometimes may 
be obtained from a nearby hospital 
diagnostic laboratory. For organisms 
that are difficult to grow, you can add 
blood or serum to Mueller-Hinton 
agar. 

The only other materials to which 
you should pay attention are the discs. 
Standard antibiotic assay discs are 6.4 
mm in diameter and made of high 
quality paper. Blank discs are commer- 
cially available (for example. No. 31039 
from BBL). However, students can use 
a standard notebook punch to make 
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Figure 3. Typical data for the acUon of household bleach (active Ingredient sodium 
hypochlorite) on Staphylococcus aureus. 





Molar 


Zone 


Zone 


Corrected 






Concentration^ 


Diameter 


Radius 


Radius^ 




Dilution^ 


(M) 


In M (mm) 


(mm) 


(rc) 




5/100 


0.03 


-3.51 7 


3.5 


0.3 


0.09 


1/10 


0.07 


-2.66 9 


4.5 


1.3 


1.69 


15/100 


0.10 


-2.30 10 


5.0 


1.8 


3.24 


1/4 


0.17 


-1.77 11 


5.5 


2.3 


5.29 


^Dilutions were made in sterile distilled water. 



Figure 1. Zone diameters for Interpretation of antibiotic disc susceptibility tests^ 






Zone diameters^ for 






resistant 


susceptible 




Amount on 


(less than or 


(more than or 


Antibiotic 


Bacteria disc ((/g) 


equal to) 


equal to) 


Ampicillin 


Escherichia coli 10 


11 


14 


Ampicillin Staphylococcus aureus 10 


20 


29 


Colistin 


all 10 


8 


11 


Erythromycin 


all 15 


13 


18 


Novobiocin 


all 30 


17 


22 


Penicillin G Staphylococcus spp. 10*^ 


20 


29 


Penicillin G 


all others 10^ 


11 


22 


Streptomycin 


all 10 


11 


15 


Sulfonamide^ 


all 300 


12 


17 


Tetracycline 


all 30 


14 


19 


®Data adapted from 


[11]. 






'^Zone diameters falling between the valuer given indicate intermediate susceptibility. 


This amount is given in units, not fjg. 






^Strictly speaking, sulfonamides are djX antibiotics. 








Rgure 2. Primary active principles In selected brand-name household products. 








Molar 


Product 




Molecular 


Concentration 


(Reference] 


Active Principle 


Weight^ 


(approx.) 


Bleach 








Clorox liquid^ 


sodium hypochlonte 


74.44 


0.6717 


Mouthwash 








Cepacol(1.3] 


cetyl pyridinium chloride 


357.99 


0,0014 


Chloraseptic [3] 


phenol 


94.11 


0.1488 


Fluorigard(3] 


sodium fluoride 


42.00 


0.0119 


S.T.37(1] 


hexylresorcinol 


194.26 


0.0051 


Soap or detergent 








Dial bar [6] 


trichlorocarbanilide^ 


315.59 


0.0002^ 


Diaperene(6] 


methyl benzalkonium chloride 


480.14 


0.0012^ 


Dreft*' 


sodium dodecyl sulfate 


288.38 


0,0035^ 


Toothpaste 








Crest (1] 


stannous fluoride 


156.70 


0.0026^ 


Macleans [1] 


sodium monofluorophosphate^ 


143.95 


0.0005^ 


Obtained from (12|. 








^'Data from product label. 






^Hexachlorophene, listed as present [5], has been excluded. 






^Concentrations based on a solution of 1 g in 100 mL. 






^Sodium dodecyl sulfate is also present in this product (6]. 







^Commercial liquid bleach is 5% sodium hypochlorite. 
^Zone radius - disc radius = corrected radius; in this case, the disc radius was 3.2 mm. 



their own discs from high-quality fil- 
ter paper (such as Whatman No. 3). 
These discs, which will be about 7 mm 
in diameter, are perfectly suitable, but 
remember to sterilize them in an auto- 
clave or pressure cooker. 



Doing it 

Inoculate the agar plates from the stock 
culture slants. Transfer a small amount 
of solid growth from the slant to the 
plate with a sterile bacteriological loop 
or similar tool. Spread out the inocu- 
lum evenly over the surface with a 
sterile swab. Moistening the swab with 
sterile distilled water makes the task 
easier. Be sure to cover the whole sur- 
face of the plate. The spread-out inoc- 
ulum should not be visible. 

Sterilize a pair of forceps by dipping 
them in ethanol. Allow the ethanol to 
drain off briefly. Then pass the for- 
ceps through a flame to ignite the 
residual ethanol. Be sure to keep the 
forceps pointed down. When the flame 
goes out, allow the forceps to cool for 
a few moments. 

With the sterile forceps, pick up a 
sterile disc, and dip it into the product 
or solution you want to test. Allow 
the excess liquid to drain away, and 
then transfer the disc to the surface of 
the inoculated plate. One plate can 
conveniently hold four test discs ar- 
ranged at 12, 3, 6, and 9 o'clock at 1 to 
2 cm from the periphery. Push the 
disc down lightly with the forceps to 
make il auhere to the agar. 

Repeat the procedure for each addi- 
tional test disc. Place an untreated disc 
in the center of the plate as a control 
for filter paper toxicity. Set up one 
inoculated plate without a disc as a 
control for the growth of the organism. 

Now incubate the plates at the same 
temperature at which you grew the 
stock culture of the test bacterium. 
(Be sure to carry out all comparative 
tests at the same temperature.) 

When you begin to see bacterial 
growth on the control plate, usually 
after 24 to 48 hours, record the diame- 
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ters of the inhibition zones. If your 
students have prepared duplicate (or 
more) plates, as they should have, they 
will gain some idea of the reproduc- 
ibility and variability of such tests. 
Always remember to teach your stu- 
dents how to use safe techniques to 
prevent contamination. You may have 
to remind them about safety as they 
conduct the experiment. 

Advanced students with sufficient 
math background can us'. the filter 
paper disc assay to determine the min- 
imum inhibitory concentration (MIC) 
of various products. MIC is the dose 
that is just sufficient to inhibit the 
growth of a given microorganism. Stu- 
dents can use the filter p.aper disc assay 
system to compare the effectiveness 
of various products against a particu- 
lar bacterium [Sj. 



But what about the moles? 

To do the exercise properly, you must 
know the molar concentrations of the 
chemicals you are testing; therefore, 
carry out these assays only on pure 
solutions of an agent. You cannot apply 
this procedure strictly to most com- 
mercial products, of course, since they 
are mixed solutions of active and inac- 
tive ingredients. However, even with 
these products, your students will find 
the exercise instructive. Tell them to 
perform the calculations only for the 
major active principle. Figure 2 con- 
tains data for some typical Ijousehold 
products. (In preparing this table, I 
found references 1 and 3 most helpful 
for product concentrations and refer- 
ence 12 for molecular weights.) 

The mathematical theory behind the 
relationship between the size of the 
zone of inhibition and the concentra- 
tion of the product on the paper disc is 
not well developed because the test 
system cannot be analyzed in a straight- 
forward way. For practical purposes, 
however, you will find the following 
approximation satisfactory [4, 8). The 
relationship between the critical con- 
centration (M') at which no zone will 



-1 



-2 - 



C mm 



-3 - 




Figure 4. The effect of household bleach (sodium hypochlorite) on Staphylococcus aureus. 
The line shown was fit by least squares regression using a Texas Instruments TI59 program- 
mable handheld calculator; but a visual "best-fit** could have been used. The y-lntercept (In 
M') Is -3.39; therefore, the MIC (M') = 0.03M. 



Rgure 5. Hypothetical data for the comparison of two products for which the concentrations 
of the active principles are unknown. 

Product 



Product Dilution 


In DDE^ 


Zone Diameter 




Zone Diameter 




undiluted 


0.0 


24 


77.44 


20 


46.42 


1/2 


-0.69 


21 


53.29 


18 


33.64 


1/4 


-1.39 


18 


33.64 


17 


28.09 


1/8 


-2.08 


13 


10.89 


15 


18.49 


1/16 


-2.77 


no zone 




13 


10.89 



^Natural logarithm of the dilution decimal equivalent. 

Summary 

Product In (v-intercept) Qr^nXercepX 



In (y-intercept) 

-2.43 
-3.57 

Conclusion: Product B is more effective than oroduct A. 

^fi!? 



A 
B 



.09 
.03 



Relative effective dilution 

1/11 
1/33 
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form around a disc, that is, the MIQ 
and the initial concentration (MJ of 
the solution on the disc is given by the 
formula 2 
In M' = In Mo 



4Dt 



where M' and are the concentra- 
tions discussed above (in moles/liter), 
Tc is the distance from the edge of the 
disc to the outer edge of the inhibition 
zone around the disc (the corrected 
radius), D is the diffusion coefficient of 
the agent in the medium, and t is the 
time diffusion was allowed to occur. 

Although the diffusion coefficients 
for various agents in nutrient agar are 
not readily available, you can deter- 
mine M' under conditions in which 
you hold D and t constant. Simply use 
saturated discs on the same plate with 
different known concentrations (differ- 
ent Mo) of the agent. Determine M' 
by plotting the various M^ values 
against the square of the appropriate 
corrected radii. This is possible because 
when you rearrange the equation 
above, you will discover it is the equa- 
tion of a straight line, y = mx + b, 
where m is the slope and b is the y- 
intercept. Thus, 

In Mo = TTTT + In M' 
^ (4Dt) ' 

This relationship is linear as long as D 
and t are held constant for each value 
of Mo- Although we are using this 
equation here to determine M' values 
for various products, you can also 
approximate D, the diffusion coef- 
ficient, if you keep accurate time 
records. 



But will it really kill germs? 

Now, test the undiluted agent against 
the chosen bacterium, and determine 
the diameter of the inhibition zone, if 
any. If there is no inhibition, try an- 
other agent or another bacterium. A 
large zone is better than a smaller one 
because you can dilute the product 
further before reaching a concentra- 
tion that will not produce a zone. 
Prepare twofold dilutions (that is. 



1:2, 1:4, 1:8, and so on) of the product 
in sterile distilled water for as many 
tests as you want to run. Usually four 
dilutions will be sufficient; but if the 
zone for the undiluted product is large, 
you can test eight dilutions. Use the 
same methods you did in the first 
experiment. 



Comparing the results 

When inhibition zones develop, record 
their size in a table similar to the one 
shown in Figure 3, which shows ex- 
perimental data obtained when Slaphy- 
lococcus aureus was exposed to house- 
hold bleach. Complete the required cal- 
culations to determine the critical in- 
hibitory concentration of your agent 
for your organism by plotting the 
square of the corrected radius of the inhi- 
bition zone (total radius minus disc 
radius) versus the natural log of the 
concentration on the disc for each of 
the four cases. Extrapolate the line to 
the y-axis to obtain the natural log of 
the critical concentration. (Figure 4 il- 
lustrates the results of Figure 3, with 
an MIC of 0.03 M.) Ideally, for com- 
parison, students should examine the 
action of two agents on a single bacte- 
rium or the action of a single agent on 
two different organisms. 

You can draw a quantitative com- 
parison of the effectiveness of two 
agents even when you do not have 
the appropriate concentration data (as 
is often the case with commercial prod- 
ucts). You can also find the relative 
effective dilution, the theoretical dilu- 
tion at which a zone just fails to form 
(r^ = 0), for each product. Carry out 
the tests exactly as described above, 
but substitute the decimal equivalents 
of the dilution factors, for example, Vz 
= 0.50, for the concentrations as illus- 
trated for the hypothetical case in 
Figure 5. The resulting y-intercepts 
are the natural logs of the decimal 
equivalents of the relative effective 
dilutions. Taking the inverse of the 
antilogarithm of this number will yield 
the denominator of the dilution that 



should be made to produce rc= 0. The 
smaller this number, the less effective 
the product, so a product with a rela- 
tive effective dilution of 1:11, as in 
Figure 5, is less effective than one with 
a relative effective dilution of 1:33. 
Although this is not the ideal way to 
make comparisons of effectiveness, 
this method is quantitative, whereas 
simple measurement and comparison 
of zone diameters is incorrect and may 
be misleading. 

These procedures for testing house- 
hold and other products ought to help 
clear up your students' misconceptions 
about the relative effectiveness of these 
agents against various bacteria. Know- 
ing the right way to obtain and inter- 
pret results accurately can be just the 
polish your students need to come up 
with some really sparkling independent 
research. ■ 
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Surviving 
a Science Project 



hy Martin D. Teachtvorih 



A comprehensive project 
ffiide and a stringent 
schedule discipline 
these students 
to achieve their 



While students else- 
where may do sci- 
ence projects, at 
Samuel Gompers 
Secondary School, 
our students do science projects} Gompers 
is a math/science/computer magnet 
school, so our students, while reflect- 
ing the cultural and racial mix of San 
Diego, arrive interested and sometimes 
talented in those subjects. We respond 
by teaching them the scientific method, 
by exposing them to professional 
scientists and scientific equipment, and 
by training them in the self-discipline 
and communication skills they will 
need to succeed. And we do it, to a 
great extent, through our science proj- 
ect program. 

The science department requires a 
science project of all students enrolled 
in the 7th-grade science computer class 
and the 8th-grade physical/life science 
class, as well as in lOth-grade physics. 
The 10th graders may start their proj- 
ects in the 10th grade and finish them 
in the 11th. We encourage 9th and 
12th graders to do a science project, 
too, but it's not required. 

After teaching hundreds of students 
how to start and complete projects, I 
think I have learned something about 
how to help students succeed at them. 
Students of all abilities have some 
problems in common: How to set up 
equipment and procedures, conduct an 
investigation, and report findings is a 
big one. 

Many students, especially 7th and 
8th graders, have poor writing skills 
and undeveloped scientific thinking 



skills. These students need the most 
help. At Gompers, their teachers use 
lectures and handouts to supplement 
the standard format for science proj- 
ects that the science department has 
agreed on (see Figure 1). Our stan- 
dard format for the students' written 
report includes the components of a 
college-level report. 

Time for quality 

Once students learn how to set up 
projects and to communicate findings, 
their projects get better, especially at 
the 7th-grade level. When students 
understand the mechanics of a science 
project, they have time to be more 
creative, and the result is higher qual- 
ity projects. 

Another major problem is schedul- 
ing work time, and at Gompers we 
address it very aggressively. Students 
are to work on their projects at home 
or after school, not during class time. 
In class, teachers explain how to do 
particular aspects of projects, as well 
as cover the normal topics using labora- 
tories, lectures, and demonstrations. 

Students are human, and it is human 
to procrastinate — but our detailed 
schedule really helps. At the start of 
each school year, each student receives 
the schedule; the parents also receive 
a copy of the schedule and an explana- 
tory letter. The letter explains the 
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importance of the project and the 
need for their child to meet the sched- 
uled due dates. It also asks them to 
check daily on their child's progress. 
If the student misses a due date, we 



inform the parents with another let- 
ter home that also lists the next assign- 
ment and due date. If the letter isn't 
signed and returned, we contact the 
parents by phone. At first this process 



Rgure 1. Our science profect guide. 

The steps in the science project are listed below in the order of appearance. Use this sheet as 
a checklist when completing the parts of your science project. 

1. Identification page: Give project title, your name, your advisor's name. 

2. Title page: Give project title; no names. 

3. Table of contents: List in order each project part (abstract to time log). Give page 
numbers for each project part. 

4. Abstract: State the problem/question. State the hypothesis. Summarize the procedure. 
Summarize the conclusion. 

5. Introduction: State the problem/question. State the hypothesis. 

6. Variables: Identify the experimental variables. Explain how you will change the experi- 
mental variables in each group tested. Identify the controlled variables. Explain how you will 
keep each controlled variable constant in all groups tested. 

7. Review of literature (research): Restate the problem/question as a topic paragraph. 
Introduce how or why you selected the project. Summarize what you learned about the 
topic, question, and hypothesis of the project. (This should be the body of the paper.) State 
what you think will occur during the experiment and why, according to your research. A 
minimum of 9 references is required~3 books, 3 magazines, 2 encyclopedias, 1 personal 
contact. (See your advisor for help.) 

8. Equipment List in detail all the equipment and materials used in the experiment. 
Exactly describe the equipment and materials and quantities of materials you used. 

9. Procedure: Number and list each step in the order performed during the experiment. 
Detail only one specific action in each step. (Any person should be able to read the proce- 
dure and exactly repeat your experiment.) 

10. Results: Give raw data (data recorded during experiment), smooth data (data placed in 
labeled charts or tables), and analyzed data (data interpreted in graphs, charts, and tables). 

11. Conclusion: Restate the problem/question as a topic paragraph. State in a paragraph 
the conclusion reached about the problem/question. (If there is more than one problem/ 
question, then write one paragraph for each.) Refer to the analyzed data to explain how you 
reached each conclusion. (Each major point gets its own paragraph.) Refer to the research 
to support your data and your conclusions when you refer to the analyzed data. In a 
paragraph, summarize all your conclusions and the major points you used to make the 
conclusions. 

12. Suggested improvements: Explain how your project can be improved or expanded 
beyond what was tested. 

13. Application: In a topic paragraph, restate your conclusion about the problem/question. 
List a possible application your conclusion or finding could have to real problems or situa- 
tions. Refer to problems or previously unknown areas of knowledge you discovered while 
conducting the literature and experimental research. 

14. Footnote page: Follow a standard footnote format to cite any footnotes to the research 
or conclusion section of the project. 

15. Bibliography: Follow a standard bibliography format to cite all references used. 

16. Acknowledgments: Follow a standard format to cite all the people who helped you 
with the project. 

17. Time log/journal/record book: In a separate binder or folder, list all times, dates, 
activities, and work conducted during the project (Sample entries include library work, 
developing your problem/question, locating and obtaining materials, constructing equip- 
ment or data charts, recording data, observations you made during testing, writing, and so 
on.) 

'The whole is greater than the sum of its parts." 



may. take a lot of time. But as the 
semester progresses, students realize 
that working at meeting their due dates 
is better than having their parents 
contacted over and over. 

Scheduling due dates helps students 
pace themselves. They know exactly 
how much time is allotted for each 
part of the project, and at each step 
their teacher examines the project and 
makes suggestions. This immediate 



Students learn how 
to design and carry 

out projects — to 
think like scientists^ 



feedback improves project quality as, 
from year to year and project to proj- 
ect, students learn how to design and 
carry out projects— to think like 
scientists. 

When the project is finally com- 
pleted, students get a tremendous 
feeling of relief that an assignment 
that took 5 months is over. And they 
feel satisfied with completing a major 
assignment, often their first. While in 
a sense the projects are cooperative 
efforts among students, teachers, and 
parents, it is the students who learn 
how to start and complete an appar- 
ently overwhelming assignment. 

Many of our students enter and win 
awards at the school's science fair. 
Many have their projects selected by 
the Greater San Diego Science and. 
Engineering Fair for competition 
against students from San Diego and 
Imperial Counties. Our students do 
well in competition, and some have 
gone on to state and international 
science fairs. Their winning is proof 
that the great emphasis we place on 
science projects is an investment that 
pays dividends. ■ 
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Fair Evaluation 



Science fairs should be valuable for everyone. If yours is not, why 
not reevaluate it? Do the projects exhibit the goals of science 
teaching? Do the judges use consistent and objective criteria? Are 
all students ''winners?" Science fairs should hot just be a time- 
worn tradition. They can be fun and challenging for alL Don't be 
afraid to evaluate or change the way you prepare for and judge 
your science fair. 
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Does Your Science Fair 
Do What It Should? 



hy Eugene U Chiappetta and Barbara K. Foots 



It^s time to reevaluate our 
approach to these 
familiar research 
competitians. 



Every year thousands of 
students — bored, scared- 
to-death, excited, and 
confident— assemble their 
displays at science fairs 
across the nation. But why? Do they 
look forward to science fairs? Do our 
department chairpersons and district 
coordinators? Do we? 

Science fairs can disappoint many 
students. After all, very few win 
prizes at the competitions. We our- 
selves often become frustrated when 
fairs demand too much energy and 
take away time we'd rather spend in 
front of our classrooms. Administra- 
tors feel overburdened when they 
have to organize facilities and solicit 
judges. But science fairs should be 
valuable for everyone. If yours is not, 
why not reevaluate it? 

To be a success, a science fair must 
encourage students to ask the right 
questions— the whys and the hows. 
The following tips might be helpful: 

• Encourage students to conduct 
science investigations that demon- 
strate the ability to ask the right 
questions and to find answers. 

• Give students opportunities to 
collect data over an extended period 
of time and to analyze the data to 
determine the effect (or lack of effect) 
of a variable or procedure. 

• Help students sharpen their in- 
quiry skills beyond what is possible 
during dasstime. 

Many projects entered in science 
fairs do not emphasize investigation. 
Science fairs are often an incredible 
potpourri of 



• models (volcanoes, animal organs, 
planetary systems, atoms) reproduced 
from pictures in printed materials 

• hobbies or pet show-and-tells 
(horses, cars, leaves, arrowheads) that 
present information already available 

• laboratory demonstrations (distil- 
lation, electrolysis, erosion, human 
pulse rates) that students have copied 
from a manual 

• report-and-posters based on a re- 
view of books and magazine articles 
(birds, cats, trees, fossils, the universe) 
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• investigative projects that depend 
on critical thinking and science pro- 
cess skills CWhat materials offer the 
best insulation?" "What characteris- 
tics of an airfoil generate the greatest 
amount of lift?" "What factors are 
necessary for a seed to germinate?'0. 



Anti'^emperialism 

All of the projects listed above empha- 
size investigation, but to wildly vary- 
ing degrees. So how objectively and 
fairly can someone evaluate them? 
It's the old "apples and oranges" dilem- 
ma. You cannot apply the same set of 
criteria to such different projects. 

Furthermore, we do the model build- 
ers a disservice if we don't encourage 
them to go further than to reproduce 
a concept or an idea. Why not sug- 
gest that students include models as 
one aspect of an investigative project? 
For example, after a review of the 



literature to determine the differences 
between normal and cancerous cells 
in various tissues, a student might 
build a series of models of both types 
of cells. 

This example, you might object, is 
not really an investigation l>ecause 
the stuient has not collected and 
analyzed eir^pirical data. Not all in- 
vestigations, however, are empirical. 
Some of the most noted scientists 
based their theories on the research 
findings of others— Einstein was one. 
Recently, for example, we judged an 
outstanding middle school fair proj- 
ect on steroids. The project was an 
in-depth study on numerous aspects 
of steroids, including their use in 
athletics and cancer treatment. Al- 
though there was no empirical data, 
it was a great project. 

Science fair projects should be an 
integral part of course requirements 
because they reinforce what students 



learn in a good science program. Be- 
cause fairs bnild inquiry skills, stu- 
dents are soon asking researchable 
questions, gathering information, and 
drawing their own conclusions. Sci- 
ence projects promote independent 
learning, encouraging students to pur- 
sue their own interests. 



The five criteria 

The criteria we use to judge science 
fairs need to address inquiry as well 
as individual effort. The first crite- 
rion is creativity. Focus on the unic, : 
ness of the project. How worthwhile 
is the project, given the age, back- 
ground, and ability of the student? 
Interview the student to find out 
whether he or she designed the proj- 
ect based on a personal interest or 
whether the project was suggested 
by a parent, teacher, or another adult. 
To what extent is the project an out- 
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Science fairs rdnforce tuftot students learn 
in a good science progranu Because fairs 

huild inquiry skills, students are soon 
asking researchable cpiestions, gathering 
information, and drawng their 
otAm conclusions. 



growth of the student's science 
course? 

How much scientific thought did 
the student put into the project? 
Judges must determine the extent to 
which a student has taken in hand 
the investigative tools of science: ob- 
servation, classification, inference, 
measurement project design (control 
and variable), and others. Does the 
procedure fit the problem? A project 
on the effects of interferon cancer 
treatment would demand extensive 
research and careful organization. In 
contrast, a project on the effects of 
temperature on seed germination 
would require a carefully controlled 
experiment and the collection of ac- 
curate data over an extended period 
of time. 

How well does the student under- 
stand the project? She or he should 
have read about the topic and be able 
to discuss data, concepts, and theo- 
ries. The project should exemplify 
how a scientist conducts a research 
study. Students must be able to point 
out where in their investigations ideas 

Eugene L Chiappeifa is an associale professor 
of education in the Deparimenl of Curricu- 
lum and Inilruclion al ihe Umversiiy of 
Housion-Universiiy Park, Houston, TX 
77004. Barbara K. Foots is an assistant 
director in the General Instructional Services 
Science Department of the Houston Indepen- 
dent School District, !^8S0 Richmond Ave,, 
Houston, TX 77027. 



are tentative and, in this way, realize 
the limitations of the data that they 
have gathered. Students must learn 
to avoid using the term prow. Science 
supports or refutes ideas, but it does 
not try to prove anything. 

Consider the craft of a project. Stu- 
dents spend a great deal of time and 
effort in presenting what they have 
done. Give them credit for how well 
they display their work— neatness, 
organization, and visual appeal. Since 
youngsters often get help from their 
parents and other adults, try to deter- 
mine how much others contributed 
so that you can reward a student for 
his or her own effort. 

Finally, how well can students ex- 
plain their investigation? Can they 
clearly communicate the problem, pro- 
cedures, information gathered, and 
the conclusion both orally and in 
written form? How clearly does the 
project present the data and results? 

The maximum number of points 
awarded in each of these five catego- 
ries should reflect the purpose of a 
science fair. Generally, assess more 
points in the categories of creativity, 
scientific thought, and understanding 
than in workmanship and clarity. Be 
sure that judges and students know 
the criteria and the point system in 
advance. 

Even with the best criteria, other 
problems can crop up. Be ready. Com- 
petition can sometimes detract from 
the goals of science fairs. Often par- 



ents get too involved because they 
want their children to win. By giving 
too much guidance and direction, they 
rob students of opportunities to de- 
velop their own creative abilities and 
to learn self-motivation. This also 
places students who do most of their 
own work at a disadvantage. Some 
school districts have even discontin- 
ued science fairs because parents were 
overinvolved in their children's sci- 
ence fair projects. 



Plan it right 

At times, school district fairs also put 
undue pressure on science teachers. 
Frequently, we must devote too much 
class time to these events. We often 
feel burdened with excessive paper- 
work and laboratory preparation in 
addition to our regular course instruc- 
tion. Sometimes it seems that science 
fairs just add to the workload. The 
key to avoiding such problems is, of 
course, planning. A science fair com- 
mittee of teachers and parents should 
establish a timetable and judging cri- 
teria, handle publicity, select awards, 
and explain what students are ex- 
pected to do. 

Establish early in the school year 
the purpose for the fair in your school 
and district so that students and teach- 
ers realize that projects should reflect 
the investigative aspect of science as 
well as the influence of science and 
technology in society. Arrange for 
students to work on projects through- 
out the school year so that the science 
fair will be a natural extension of 
your science course and the district's 
science program. 

Science fairs should not be just a 
time-worn tradition. They can be fun 
and challenging for both students and 
teachers. But we must not be afraid 
to overhaul them, to make some real 
changes in the way we prepare for 
them and the way we judge them. 
These crazy-quilt displays of varied 
talent and effort should be a high- 
light of the academic year. • 
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IN|ECnNG 

OGpCnVITY IN10 

SCIENCE »UR 
JUDGING 

Use of a standard evaluation 
form reflecting specific criteria 
may help to clarify science fair 
goals for both students and 
judges. 

Harvey Goodman 

Many sciencefairevaluatorshavesuf- 
f ered at one time or another from the 
nagging feeling that judging is,at best, 
subjective and, at worst, borders on 
the arbitrary— a sad commentary in 
light of the tremendous amount of 
effort that students put into their 
projects. 

A major part of the problem un- 
doubtedly lies in the fact that we have 
not well defined the goals of science 
fairs, nor evaluated how these coin- 
cide with the broader goals of science 
teaching. In a recent article in TST, for 
example, author Norman F. Smith 
pointed out how few projects are in- 
vestigative, involving students in crit- 
ical thinking and science processes.' 
Most awards, he observes, still go to 
traditional ''library research and 
poster" projects. 

Another factor that may account 
forthesubjectivity of thejudging pro- 
cess is the lack of availability of objec- 
tive criteria— criteria so designed that 
a judge evaluating a project in a spe- 
cialty other than his own could arrive 
at a conclusion that is at least compar- 
able with that of other members of the 
judging team. 

Traditionally, judges are asked to 
evaluate students' projects according 



* "Why Science Fairs Don't Exhibit the CoaU of 
Science Teaching," by Norman F. Smilhi Thr S(irn(e 
Tea(hfr 47:22; jinuiry 1980. 
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to a scheme that looks something like 
the following: 

Creativity (30 points) 
Logical Thought (25 points) 
Thoroughness (10 points) 
Skill (15 points) 

Cladty of Presentation (15 points) 

What is the likelihood that two judges 
using this scheme could arrive even 
approximately at the same point value 
for a project? How helpful are these 
criteria to a student planning a proj- 
ect? How is creativity to be eval- 
uated? 

Usually, when one evaluates a proj- 
ect, one has (or should have) some 
criteria of a different sort in mind. 
What one really is looking to see is, for 
example: whether the project really 
reflects the problem statement; 
whether the hypothesis arose from 
adequate background reading; wheth- 
er the procedures used were appro- 
priate for the problem; whether the 
observations were accurately record- 
ed and appropriately displayed; 
whether the apparatus was appro- 
priate for the experiment; and wheth- 
er further research problems were 
suggested by the project. 

How can one get judges to focus on 
these criteria (or whatever standards 
are decided on)? I would suggest that 
we begin by drawing up standard eval- 
uation forms which reflect the values 
of each fair and which direct the eval- 
uator's attention to specific elements 
of the project. The format might look 
something like the following: 

Science Fair Project Evaluation Form 

0 = Cannot make a judgment 

1 = Poor 

2 = Fair 

3 = Satisfactory 

4 = Good 

5 = Excellent 

Rank each of the following based on 
the rating system given above: 
The problem was clearly stated. 

(Problem formulation.) 
Appreciable time was evidently spent 

searching for and reading scientific 

articles. (Background reading.) 
Background reading was appropriate 

both in quality and scope. (Back- 

^lound reading.) 
The hypothesis was stated clearly and 

reflected the background readings. 

(Hypothesis formation.) 
The experimental design demon- 
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strated understanding of the scien- 
tific method. (Methodology.) 

Apparatus and equipment were ap- 
propriately designed and/or ustd. 
(Materiak.) 

Observations were clearly summar- 
ized. (Observations.) 

Interpretation of da ta conformed with 
observations. (Obsavalion.) 

Tables, graphs, and illustrations were 
used effectively ininttrpretingdata. 
(Observation,) 

Conclusions and summary remarks 
were justified on the basis cf exper- 
imental data. (Conclusion.) 

The experiment was repeated several 
times to establish validity of results. 
(Validity.) 

A log book was used to record experi- 
mental data, ideas, interpretations, 
and conclusions. (Record keeping.) 

The bibliography contained a signifi- 
cant number of relevant and timely 
references. (Background reading.) 

Limits of accuracy of measurements 
were stated. (Measurement.) 

Work on the project suggested new 
problems for future research. (Fu- 
ture research.) 

Oral presentation was made in the 
time allotted, with all phases of the 
project discussed. (Interview.) 

The researcher answered questions 
effectively and accurately, (Inter- 
view.) 

The oral presentation made good use 

of visual aids. (Interview.) 
The student initiated his or her own 

research project. (Initiative.) 
The display board was effective in 

presenting the project. (Display 

board.) 

The maximum number of points that 
a candidate may obtain is 100 per- 
cent; awards may be granted in 
accordance with the following 
scores: 

60 - 69— Honorable Mention 

70 - 79— Third Prize 

80 - 89— Second Prize 

90 - 100— First Prize 
In the event that a judging team con- 
sists of two or more members, the 
final score is the team average. 



If the goals of each science fair were 
adequately described to judges, if 
judges were given evaluation forms 
reflecting specific criteria by which 
projects could be evaluated in a more 
objective way, we would all benefit- 
students, teachers,and judges. ■ 
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- Lawrence J. Bellipwni 

Donald R. Gotten 
Jan Marion Kirkwood 

ou have just hung up the tele- 



X sation with the science teacher 
at a local junior high school and some- 
where along the line you've "volun- 
teered" to be a judge for the school's 
science fair. Suddenly you are respon- 
sible for evaluating projects that stu* 
dents may have spent months working 
on and for deciding which projects are 
best. Making these decisions is no easy 
task/ but if you keep a few points in 
mind, you can turn your judging duties 
into a rewarding experience for both 
you and the students. 

Regardless of the grade level you're 
working with, you should note the 
quality of the work the students have 
done and determine how well they 
understand their projects. The project 
should include research, experimenta- 
tion, and application— not simply library 
work. But as you apply these standards, 
always consider the grade level of the 
student whose project you're judging 
and the general level of expectation for 
that particular fair. 

Here are some specific criteria to use; 

X. Creative abilily. Has the student 
shown intelligence and imagination 
both in asking the question and arriv- 
ing at the answer? Is the student origi- 
nal in deriving and applying data? Did 
he or she build or invent any equip- 
ment to use in the project? 

Remember, anyone can spend some 
money, but it takes a creative person to 
devise the equipment needed for a par- 
ticular project. Ask students where they 
got their ideas. Creative students are 
always coming up with new twists to 
old ideas; such ingenuity indicates that 
you're dealing with an interested young 
scientist. Collections may show dili- 
gence, but they seldom show creativity. 
So don't be tempted into giving them 
high marks unless they have some true 
scientific merit. 

Z.Scienlifk IhoughL Is the problem 
stated clearly and unambiguously? Did 
the student think through the problem 
and pursue his or her original question 

O 
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Suddenly you are responsible for evaluating 
projects that students have spent months working on 
and for deciding which ones are best 




without wandering? Was the experi- 
mental procedure well defined and did 
the student follow each step toward 
the expected outcome? 

Did the student arrive at the data 
experimentally (as opposed to copying 
them out of a book)? Are the data rele- 
vant to the stated problem? Is the solu- 
tion offered workable? 

3. Thoroughness. A solid Conclusion is 
based on many experiments, not a sin- 
gle one. Does the project test the main 
idea of the hypothesis? How complete 
are the data? How well did the stu- 
dent think through each step of 
the experiment? How much 
time did he or she spend on 
the project? There are few 
loopholes in a project that 
has been done thoroughly. 
Ask the student questions 
about the project to deter- 
mine how well he or she 
understands the problem. 

4. Skill. Since you don't 
know the students person- 
ally, you Will need to have 
some w<iy of determining 
how likv^iy it is that they 
did the work themselves. 
Ask them if they had any 
help with their projects 
(But use common sense 
here. If the project requires 
using an electric saw and the 
student is in third grade, it would 




be permissible—indeed advisable-— for 
an adult to perform this task.) You can 
usually tell how much of the actual 
work students have done by observing 
them w'-.ile they demonstrate or ex- 
plain the project. 

5. Clarily. The project should be set 
up so that the judge can follow the 
procedure and understand the data with- 
out getting confused. Students should 
have written the data clearly, using 
their own words, and they should be 
able to discuss any portion of the proj- 
ect. The main purpose of the project is 
to show that students can formulate, 
test, and present research. 

Though these five criteria are basic,^ 
the standards for judging particular 
science fairs may vary, depending on 
the grade level of the participant? / 
the types of projects involved. The 
teacher supervising the science fair 
should make certain that each judge 
has a judging sheet, indicating not only 
the criteria to be used but the points 
that each item is worth. If you do not 
understand one of the criteria, ask the 
teacher or coordinating judge for clari- 
fication before judging begins. Your 
responsibility to the children is to be as 
fair and objective as possible, and that 
can happen only if all the judges use the 
same criteria in the same way. And 
remember: each child's project is very 
inv • Sint to that student. So whether 
the , roject merits a blue ribbon or not, 
be sure to provide proper encourage- 
ment so that students will continue to 
investigate their own i- \ as. 



Ltwrnia' ]. Bt'llipauui /> mi assislaul professor 
ol ^tieuce fducniion al I he Utiiiwit':^* of Soulhcru 
Mississippi (Haiiieslmr^h Donald R. Colleu is 
an associale profcsior of science education al the 
same school: Jan Marion Kirkwood is a teacher 
in the Natchez (Mississippi) public schools. 
Artwork by Johanna Vogelsang. 
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Make Your Science 
Fair Fairer 



hy B. J. Laguet4X and Hotmrd I. Amols 



Mr. Weiss can't hear 
to give a score lower 
than 90; Mrs. Estevez 
hasn't liked anything 
since 1978. How can you 
help the best project 
win first prize? 



U 



oes the idea of choosing 
the winners at your sci- 
jence fair make you 
nervous? Do you con- 
stantly worry about being 
fair to all the participants? Do you 
secretly wonder if you and your fellow 
judges are biased, and do you despair 
that because of judging discrepancies 
the best projects will not win? 

Fear no more! Eliminate the ambi- 
guity from those subjective evalua- 
tions with a computer program for 
judging science fairs. No matter how 
quantitative science fair projects might 
be, the way we determine the best 
projects must be subjective, in a small 
science fair, where each judge can eval- 
uate all projects entered, we hope the 
subjectivity of the judges will "average 
out." if your science fair has few 
judges, the judges can often arbitrate 
discrepancies in scoring. 

But in a largp science fair, how can 
every judge evaluate every entry? As 
your science fair grows, so does the 
probability that the winning projects 
will be determined as much by judging 
inconsistencies as by merit. 

We have developed a small computer 
program, written in BASIC to run on 
any personal computer, that you can 
use as an aid in scoring. The program 
evaluates not only the scores awarded 
to each project but also the relative 
scoring level of each judge. It can iden- 
tify judges who routinely give projects 
very high or very low scores and can 




m 




correct for those sco;es before it deter- 
mines the average score of any 
individual project. Judges who are ex- 
cessively inconsistent can also be 
identified and their scores corrected 
or even eliminated before you decide 
the winners. 

Our program was written for use 
with Microsoft DOS, on an IBM-PC, 
but it is easily adaptable to any personal 
computer with at least 20K memory. 
It would help to have a printer and a 
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disk d» '"'e, but it's not essential. 

First you input the raw scores; then 
the program evaluates the average 
score for each project and performs a 
bubble sort to produce an ordered list 
of the project averages. This is where 
science fair scoring usually stops. 

But our program goes on to compute 
a "correction factor" for each judge. 
We assign each of the judges (n) and 
each of the projects (m)^ number, and 
we input a scoring array (SCORE) of 



dimension n by m to the computer. 
The variable SCORE^/JA for example, 
simply represents the score awarded 
to the Jth project by the /th judge. If 
not all judges view all projects, many 
entries in the array SCORE will be 
blank. 

You will always have at least some 
overlap among judges. The computer 
analyzes SCORE and determines the 
deviation of each judge's score from 
the average score of each project. From 



— lyuM T. Sf<trUf 

this you can establish whocher the 
scoring of any individual judge is uni- 
formly high, uniformly low, or totally 
inconsistent, Assuming it is not the 
latter, the computer assigns a multipli- 
cative correction factor to each judge 
so that his or her scores more closely 
align with the average scores for the 
projects he or she evaluated, 

The program then will correct the 
array SCORE and will reevaluate, re- 
bubble-sort, and print out anew the 
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average project scores. The second 
printout gives you a winners list that 
has been corrected for variation among 
judges. You can repeat this procedure 
in a DO-LOOP until the project 
rankings from one iteration to the next 
do not change. Then you can reason- 
ably conclude that judging inconsisten- 
cies have been eliminated, or at least 
reduced as much as possible. 

The program ends after a maximum 
of six iterations or when the ranking 
converges — when the ranking is identi- 
cal to the ranking from the previous 



iteration. Occasionally the ranking fails 
to converge because of the repeated 
interchanging of adjacently ranked proj- 
ects, projects that in reality are tied. 



Ending the DO-LOOP 

We have found that no more than six 
iterations are required to correct for 
the variation among judges; ending 
the DO-LOOP at that point signifi- 
cantly decreases the program's running 
time. The ranking of projects that have 
been judged by consistent judges, how- 



ever, will often converge after only 
two or three iterations. 

Figure 1 is a flowchart that repre- 
sents about 200 lines of actual coding 
of the program. Write to us if you 
want copies of the program itself. 

We tested the computer program 
with data from four hypothetical cases. 
To do this, we had to work back- 
wards—we had to establish a "true" 
score for each project and then to 
create judges who scored the projects 
too high or too low compared with 
the true scores. When you use our 
program, of course, you will work not 
from "true" scores but from the raw 
scores of your judges. In all our tests, 
SCORE was a 5 by IC array, corre- 
sponding to 5 judges and 10 projects. 
Each project was scored by two dif- 
ferent judges; each judge scored four 
different projects; so the 5 by 10 array 
contained 20 unique scores. 

In the first two test cases (see Fig- 
ures 2 and 3) we assigned all projects a 
"true" score of between 85 and 60. 
Our hypothetical judges always score 
the projects proportionately to the 
projects' true scores. Then we assigned 
each of the five judges an arbitrary 
weighting factor of between 0.65 and 
1.15, to represent judges that score 
consistently low and consistently high, 
respectively. A weighting factor of 1.00 
indicates a judge who scores projects 
perfectly. We chose which judge scored 
which particular project by using a 
table of random numbers. (Figures 2 
and 3 differ only in that the judges 
scored different projects; the same is 
true of Figures 4 and 5.) The program 
produced the array by multiplying a 
judge's weighting factor by a project's 
true score. 

As you can see in Figures 2 and 3, 
the program reordered the projects in 
accordance with their true scores. The 
tables give each project's true score, 
true rank, judged scores, initial rank 
(based on a simple average of the judged 
scores), and iteration ranks. Note that 
some projects should have tied because 
they had equal true scores. 



B. j. Lagueux i$ a former science teacher at 
The Wheeler School who is now a medical 
shidenl al Brown University. Howard 1. Amols 
is an asMate professor of radiation medicine at 
Brown University, Department of Radiation 
Therapy, Rhode Island Hospital 593 Eddy 
St., Providence, Rl 02902. 
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Figure 2L Program output for Test Case 1, with theoretically perfect Judge*. 



Judge 
(correction factor) 





True 


True 


A 


B 


C 


D 


E 


Initial 




Rank after Iteration 




Project 


score 


rank 


(0.65) 


(0.75) 


(1.00) 


(1.10) 


(1.15) 


rank 


1 


2 


3 


4 


5 


6 


A 


85 


1 


55 






94 




3 


1 


1 


1 


1 


1 


1 


B 


80 


2-3 


52 


60 








9 


2 


3 


2 


3 


2 


3 


C 


80 


2-3 




60 






92 


1 


4 


2 


3 


2 


3 


2 


D 


75 


4 


49 








86 


6 


7 


4 


4 


4 


4 


4 


E 


70 


5-7 






70 


77 




4 


3 


5 


5 


5 


6 


6 


F 


70 


5-7 






70 




81 


2 


5 


6 


6 


7 


5 


7 


G 


70 


5-7 




53 






81 


7 


9 


7 


7 


6 


7 


5 


H 


65 


8 






65 


72 




5 


6 


8 


8 


8 


8 


8 


1 


62 


9 


40 


47 








10 


10 


10 


9 


10 


9 


9 


J 


60 


10 






60 


60 




8 


8 


9 


10 


9 


10 


10 



Rgure 3. Program output for Test Case 2, with theoretically perfect judges. 
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Figure 4. Program output for Test Case 3, with judging variations of iS and ^10 percent. 
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In the most dramatic example of 
the effect of our program, Project B in 
Figure 2 was originally ranked ninth 
of 10 projects because it was judged 
by two low-scoring judges. The pro- 
gram identified these judges, weight- 
ed their scores, and reranked this proj- 
ect to second or third place, depending 
on the iteration. 

The third and fourth test cases 
were identical to the first two, with 
the exception that we chose to ran- 
domly vary four of the judges' weight- 
ing factors by up to either ±5 or ±10 
percent. (See Figures 4 and 5.) In these 
tests, the judges were not perfectly 
consistent. 

For these two cases, the program 
was able to rerank one set (Figure 4) 
to correspond with the projects' true 
scores. The program improved the 
second data set (Figure 5), but the 
judges' scores were too inconsistent 
for the program to rank all projects 
perfectly. Figure 5 represents a par- 
ticularly skewed set of scores. For exam'-* 
pie. Judge B gave Project B a dispro- 
portionately low score of 54, while 
giving two weaker projects (D and E) 
higher scores (56 and 57, respectively). 

Rank failure 

The program's failure to effectively 
rank the data in Figure 5 illustrates 
one of the limitations of the program's 
scoring analysis. The algorithm of our 
method assumes that each judge's scor- 
ing is proportional to each project's 
true score. In reality, judges' scores 
will vary around a proportionality fac- 
tor, as in Figure 5. The program com- 
pares each judge with fellow judges, 
to find the best proportionality factor, 



and corrects scores accordingly. The 
program cannot, however, reliably cor- 
rect for a judge's variation around his 
or her own proportionality factor. 

In the data from Figure 5, the judges' 
variation around their respective pro- 
portionality factors was too great given 
the number of judges and the number 
of judges scoring each project. The 
program's scoring method compares a 
judge's score with other judges scor- 
ing the same project, as well as with 
the project's average score. The only 
way to reduce the importance of a 
judge's variation is to increase the 
number of "judge-scorings." This could 
be done by either increasing the num- 
ber of judges, increasing the number 
of projects that each judge scores, or 
both. 

Given the small number of judge- 
scorings in our four test cases, the 
program was not always sensitive 
enough to retain the equal standing of 
truly equal projects. Projects B and C 
had the same true score of 80, and 
Projects E, F, and G had the same true 
score of 70. In our first test case (Fig- 
ure 2), these rankings did not converge, 
and so indicated equal standing. In the 
other three test cases our program 
was unable to indicate the equal 
standing of equal projects. 

We then tested the program using 
data from an actual science fair. In 
this real case, the winners would have 
been different if our program had been 
used. One of the projects that tied for 
first place would have ranked seventh, 
and the fourth-place finisher would 
have ranked second. The third-place 
project would have remained in third 
place. 

This change in outcome indicates 



that there was some systematic vari- 
ation among the judges. This is not 
surprising when you consider the var- 
ied backgrounds and specialties of the 
judges. Among the 36 judges in the 
fair were high school teachers, college 
professors, physicians, nurses, and 
engineers. 

To ensure adequate overlap among 
judges and an accurate average score 
for each project, you must be sure to 
recruit enough judges so that at least 
three judges review each project. Also, 
in order for the computer to calculate 
an accurate proportionality factor for 
each judge, have each judge review at 
least four projects. Typically, a judge 
spends between 15 and 25 minutes 
judging a project. A judging session of 
2Vz hours will allow enough time for 
each judge to review between six and 
eight projects. 

What about the excessively slow 
judge who will never review six proj- 
ects in one evening? That judge could 
keep the whole fair waiting. Simply 
randomly assign judges to projects. 
Have judges first report to the orga- 
nizer's table to receive a score sheet. 
Then they can judge a given project at 
their own pace and return to the orga- 
nizer's table for the next project as- 
signment. Because each judge has a 
correction factor calculated in our pro- 
gram, having judges score a different 
number of projects will not bias the 
results. 

You can use this program to reeval- 
uate your science fair judging, to help 
ensure that winning projects are select- 
ed fairly. At the very least, the program 
can help you identify cases of inconsis- 
tent judging, so you can alert the fair's 
organizers to potential problems. ■ 
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Figure 5. Program output for Test Case 4, with ludging variations of ±5 and ±10 percent. 
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Science fairs are exciting. Teachers and students generally agree that they 
are worth every bit of the hard work that goes into them. But what about 
those students who choose not to do an independent 
science project? Chances are a student who ^^^^^ss^g^^^^^^^j^ 
is turned on to science by one of the 
nontraditional events described 
in this section will turn up later 
in the olympiads and other 
competitive programs* But 
the main advantage of these 
programs is they offer every 
student a chance to be a 
scientist/ if only for a day. 
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Biology, Chemistry, and Physics 

Are Team Sports 



A science super howl will he as exciting as the 
real thing and lots more educational 



hy Charles Kellogg 



Would you like your 
students to beg for 
outside readings in 
science or argue 
heatedly over the 
best way to determine the molecular 
weight of an unknown organic acid? 
Would you enjoy discussing recent 
advances in medical science or cosmol- 
ogy with gifted students, colleagues, 
and supervisors? If so, maybe there's 
a science league in your future. 

The North Shore Science League in 
northeastern Massachusetts started in 
1978 when I organized intramural 
biology competitions among teams 
selected from biology classes at Mas- 
conomet Regional High School. The 
competitions were so popular that I 
organized an interscholastic science 
competition. With a great deal of help 
from my colleagues at Masconomet 
and five or six science supervisors, we 
tackled our first meet in spring 1980. 
Now in its third year, the North Shore 
Science League, with teams from 14 
schools, conduct > 6 meets a year, each 
with more than 100 participants. The 
league combines the high frequency 
of meets in the Mathematics Leagues 
[2| with the hands-on, high interest 
team events of the Biology Olympics 
and Science Bowl [l, 3]. 



Take the field 

The first two events at one of our 
meets usually are run simultaneously. 

Charles W. Kellogg is science deparlmenl 
head af Masconomel Regional High School 
RFD, TopsfieU, MA 019S3, 



One is a laboratory or field activity, 
for example, using a taxonomic key to 
identify biological specimens, naming 
minerals and fossils, or determining 
percent composition of an unknown 
chemical mixture. In the second event 
students solve problems: balancing 
chemical equations, sorting out Men- 
delian genetics, puzzling out mechan- 
ics, and more. The third event is a 
quiz similar to College Bowl. Although 
fun and exciting, the bowl is the most 
difficult to organize, judge, and score. 
Sometimes we resort to a written quiz 
instead. Topics have included space sci- 
ence, meteorology, recent advances in 
medicine, and environmental issues. 

Several times we have added instant 
invention, a fourth event. Each team 
creates a device to perform a specified 
function. Once we required students 
to build a balance with plastic straws, 
string, paper clips, and tape. Students 
were then given several pennies of 
known mass and told to determine 
their mass. Finally, students had to 
measure out 50 g of water with their 
balance. The winning team came with- 
in 0.1 g. Although this event is very 
popular, we usually weigh it less in 
the scoring because of the somewhat 
unpredictable nature of the activities 
and the fact that luck rather than skill 
can often be an important factor. 

We try for variety — in both subject 
matter and sophistication — in selecting 
topics for the meets. Life science, earth 
science, chemistry, and physics appear 
equally often over the course of a year, 
and at every meet we include at least 
one event in which first-year students 
can be successful. The activities we 



offer sometimes depend on whether 
or not special facilities are available. 
For example, one member school has 
a planetarium perfect for a laboratory 
event; another school lets us use its 
excellent fossil collection. 

At the end of the day, we serve 
refreshments in the assembly room, 
and monitors begin scoring the events. 
To add to the excitement, we post the 
results imm:'^»ately on an overhead 
projector. The winning team receives 
a trophy to keep until the next meet 
The winner for the year has its school 
name engraved on the base of the 
trophy, which is a mug embellished 
with the number 1 and a medallion of 
Einstein. We fondly refer to it as the 
Einstein Award. 



Ready for the kickoff 

A great deal of planning and prepara- 
tion is necessary for a successful meet. 
First, our constitution, adapted from 
that of the Tri-State Mathematics 
League |2|, sets the guidelines for the 
meets. But even more important, we 
must keep devising new events. So 
far, teachers at member schools have 
contributed all the ideas, but it has 
been time-consuming. Currently, we 
offer $25 to anyone who submits an 
event that we use in the meets. (This 
comes out of the $50 membership dues 
paid by each school.) Many schools 
give stipends to their coaches. The 
president of the league is responsible 
for selecting the events for a particu- 
lar meet. The host school also supplies 
the necessary staff, equipment, and 
facilities to run the meet as well as the 
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refreshments. Since member schools 
have been very willing to sponsor 
meets, no school has had to stage more 
than one meet per year. 

One warning: Once you have started 
a league, be prepared for your stu- 
dents to become highly competitive, 
rhey will eagerly await the announce- 
ments of the events for the next meet. 
They will demand practice sessions, 
which can be almost as much fun as 
the meet itself and are essential to a 
team performing well. For this reason, 
be sure to announce the topics for a 
meet well in advance. 

We try not to limit the number of 
students who can join each team since 
diversity is a key ingredient for suc- 
cess; but we also try to have only 12 
students from each school compete in 
each specialty at a meet. At the end of 
the year, we give school letters and 
other awards to all the participants at 
the annual Math-Science Banquet. 

If you're beginning to think this 
sounds interesting, why not consider 
starting a league of your own? Begin 
by conducting an intramural competi- 
tion at your school, as I did, among 
several classes. This will give you ex- 
perience in organizing a meet and grab 
the attention of your students. After 
this, youll be ready to organize a 
demonstration meet for several area 
schools, with a number of other schools 
invited to observe. This should spark 
plenty of interest. Take this opportu- 
nity to enlist faculty members from 
these schools to organize several fu- 
ture meets. Before long, the enthusi- 
asm of both students and faculty will 
generate the momentum necessary for 
a formal Science League. The key to 
our success in founding the North 
Shore Science League was the com- 
mitment of many science supervisors 
and several teachers during the league's 
first 2 years. They volunteered to plan 
and run meets, design events, and even 
transport students when we did not 
have enough money for buses. Even 
though this was a lot of work, we all 
feel that it was worth the effort. 

The Science League challenges and 
rewards students in a way normally 
reserved for athletes. The league has 
also fostered a greater sense of aca- 
demic community among the faculty 
and students of member schools and 
has made our communities aware that 
academics is alive and well in the 
schools. Most important, however, 
students enjoy science— a feeling rare- 
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ly experienced so strongly in the 
classroom. 

I hope you now see a Science League 
in your future. I look forward to 
meeting you someday in the future 
NSL (National Science League) Super 
Bowl. May the best team v/in. Good 
luck! ■ 



—Ed Mahan, tcurtn^ if iht PhiUitlphia Cagln 
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Editor^s Comer 

Science Olympiad 



After an ebb of interest, student 
research is generating excitement again 
among teachers. We still have prob- 
lems managing the fairs and integrat- 
ing that work into our curricula, but 
more of us are deciding that it's well 
worth the time we spend on student 
research. 

At the same time, a group of science 
educators is planning a totally new 
national program for student compe- 
tition in the sciences — one that is both 
more lighthearted and more rigorous 
than traditional science fairs. This year, 
for the first time, students from all 
over the country will participate in 
the National Science Olympiad, a pro- 
gram that has already been quite suc- 
cessful in individual states. Aiming at 
making the national competition as re- 
warding as the local ones have become. 
Jack Cairns of Delaware and Gerald 
Putz of Michigan have spearheaded 
an intense effort to raise funds and to 
get people from across the nation in- 
volved in the Olympics. 

The Olympiad features team and 
individual events in junior hir;h (grades 
6 to 9) and senior high (giades 9 to 12) 
divisions. Challenges range L'r^m high- 
ly tc'chnical qualitative analysis, titra- 
tion races, and computer programming 
to exciting and creative paper airplane 
contests, egg drops, and tea-making 
races. Activities that normally flower 
in quiet laboratories bloom to the 
cheers of fans and participants as spir- 
ited as those at any homecoming game. 

Many state Olympiads climax their 
competitions with a. Science Bowl, a 
trivia game of science facts that truly 
separates the amateur from the aficio- 
nado. The best competitors in these 
head-to-head rivalries are often not 
those with the highest grades or aca- 
demic laurels. The Science Olympiad 
favors creative, self-motivated, inde- 
pendent thinkers— people with the 
traits that bode well for future Nobel 
Prizes. Team spirit and cooperation, 
the marks of good research groups, 
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are the attitudes that produce winners 
in the team competitions. 

Is it quantifiable? 

Local Science Olympiad success is ob- 
vious: increasing attendance every 
year, higher enrollments in science 
classes, and more and more teachers 
volunteering their time and talents to 
make each Olympics better than the 
last. As a veteran coach, I can attest 
that the contests are great occasions 
that keep getting greater. Students 
who never worried about grades be- 
came suddenly enthusiastic. Students 
"on the fringes" of the academic pro- 
gram were absorbed into the fervor 
of the events. I have fond memories 
of our years of state competition: 
• the student who came directly 
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The Science Olympiad favors creative, 
independent ihinkers'-'people iviih the traits 
timt hode well far future Nobel Prizes, 




from the senior prom, refusing to sleep 
until he took his medal in the catapult 
(trajectory) contest, and his successor, 
whose carefully made catapult fell 
apart as he demonstrated it for TV 
cameras before the event 

• the end product of one session: a 
rocket that still sits on the roof of a 
local restaurant 

• the senior who cried after receiv- 
ing her gold medal in qualitative analy- 
sis — "the first award I ever got" 

• the 10 days it took to regain full 
use of my vocal cords after cheering 
for our team. 

Many educators and groups have 
endorsed the concept of the Science 
Olympiad. Otis Smith, Past President 
of the CAG Council, told state repre- 
sentatives, "What is really exciting is 
the prospect of having students of all 
ability levels involved in science." Past 
NSTA President Don McCurdy called 
the Olympiad "a vehicle for involving 
many students at the secondary level 
in scientific endeavors at a relatively 
low cost. 

The Olympiad promises to involve 
a broad cross-section of business, in- 
dustry, professional groups, and the 
general public in a productive effort to 
recognize students, teachers, and 
schools/' At its July meeting, the NSTA 
Board of Directors unanimously en- 
dorsed the National Science Olympiad. 
Through the sponsorship of the United 
States Army, a national seminar for 
state facilitators took place this fall. 

For information about che National 
Science Olympiad, write to Gerald 
Putz, 5955 Little Pine La., Rochester, 
MI 48064. Whether it's through d Sci- 
ence Olympiad, a science fair, the 
Space Shuttle Student Involvement 
Project, or another extracurricular 
activity, why not make this the year 
you challenge your students to go 
beyond the textbook? Share your 
successes and failures with other 
teachers and with NSTA. Well all be 
glad you did. —JuUam Texley 
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Q)mpeting 

Win or lose, when students work hard to prepare 
for these science contests, ei^eryone wins. 

The thrill of victory, the lessons learned from defeat— do they have 
a place in our science curricula? For many years contests and com- 
petitions were deemphasized, but today competition is making a 
comeback. Students and teachers alike attest to the motivational 
value of science fairs, symposia, and olympiads, all of them great 
motivators for students, whether or not you choose "winners." 

And science teachers are discovering what the physical education department 
knew all along— that community support for programs is largely a function of 
public relations. Parents, friends, and boards of education all find ways to join in 
the action when science becomes a team sport. 

What appears here are some suggestions of ways you and your students can 
become involved. Is a science team in your lesson plan? 



Ready, Set, JETS! 

hy David J. Rowson 



Opportunity often comes disguised as 
hardship. On certain Saturdays in Feb- 
ruary and March, thousands of high 
school students across the country 
prove that by taking rigorous 40- 
minute exams as part of the Junior 
Engineering Technical Society's (JETS) 
National TEAMS Competition. In pur- 
suing the TEAMS challenge, students 
can win schoolwide, communitywide, 
and even nationwide recognition for 
academic excellence. 

TEAMS (Tests of Engineering Apti- 
tude, Mathematics, and Science) \t a 
national academic interscholastic com- 
petition consisting of seven examina- 
tions: biology, chemistry, physics, 
mathematics, computer fundamentals, 
engineering graphics, and English— all 
the subjects in a college preparatory 
science curriculum. 

Students who test in TEAMS get 
immediate rewards. TEAMS scoring 



takes place at the site of the competi- 
tion immediately after the tests are 
completed. In a typical schedule, stu- 
dents compete in morning sessions, 
scores are tabulated, and winners are 
presented their awards as part of the 
same day's program. A TEAMS com- 
petition is an ideal occasion to empha- 
size college preparation, career guid- 
ance, and the field? of engineermg, 
technology, math, and science. For 
example, a TEAMS competition can 
serve as the centerpiece for a day-long 
cluster of activities such as engineer- 
ing or science exhibits, engineering de- 
sign contests, or talks and panel dis- 
cussions by people from business, in- 
dustry, and academe. 



Local recruits 

Competition begins at the local level 
with sponsors who host competitions 



in their area, region, or state. Spon- 
sors of TEAMS competitions come 
from local high school JETS chapters, 
area education units, professional en- 
gineering societies, and faculty at ju- 
nior colleges and schools of engineer- 
ing at leading universities. Sponsors 
recruit teams from area high schools; 
arrange for testing facilities; and form 
committees to proctor, score, arrange 
funding, and report results. 

Local high school teams of up to 12 
students each decide who will com- 
pete in each academic discipline. Each 
student is allowed to contribute only 
two exam scores to the point total, 
making TEAMS truly a team effort. 
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Local winning teams go on to the 
national TEAMS competition. At the 
close of the school year, TEAMS na- 
tional winners receive their awards at 
an awards banquet in a prominent city. 
JETS provides award-winning teams 
and their coaches * . "^xpense-paid 
trips to the ceremr ^ I rip includes 
visits to local sit^ » ^ ^chnical or 
scientific interest. J" presents na- 
tional awards to the v\vu. ^ in each 
academic area and to t*te me», bers of 
winning teams that r^rpresent schools 
having both large {700 or more) and 
small (fewer than 700) enrollments. 

Help is available for anyone inter- 
ested in holding a TEAMS competi- 
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tion. JETS state coordinators are re- 
sponsible for all JETS activities in their 
state, so they contact JETS national 
headquarters on a regular basis. In 
addition, colleges of engineering and 
engineering societies such as the Na- 
tional Society of Professional Engi- 
neers, the American Society of Civil 
Engineers, the American Society of 
Mechanical Engineers, and the Insti- 
tute of Electrical and Electronics En- 
gineers have consistently been willing 
to encourage and support TEAMS 
competitions. 

The first back-to-back national cham- 
pions in the small school category came 
from the community of Red Bud, Illi- 
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nois (population 2600). At F^ed Bud 
High School, athletic and academic 
teams have equal stature. Just as the 
football and basketball teams are sent 
off with pep rallies, so are the mem- 
bers of the TEAMS team. Twice, in 
1981 and 1982, they returned as na- 
tional champions. 
The TEAMS coach, Sandra Spalt, 

See JETS page 52 



David j. Rowson is associate direclor oj JETS, 
345 £. 47lh SL New York NY 10017. 
For more informalion on TEAMS compeil- 
tiotts, contact him at that address or the JETS 
coordinator in your state. 
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Breakfast 
of Champions 

hy Marian McLeod 

Science is alive and well and living at 
Seaholm High School! I wanted to 
shout it from the rooftops. Our team 
had just taken first place in the Na- 
tional Science Olympiad. 

Everyone had worked hard and long. 
Winning had involved many more peo- 
ple than just the 15 team members, 
How could we prolong the heady feel- 
ing of victory and thank and honor 
everyone at the same time? We 
planned a Breakfast of Champions. 

We invited the parents who loaned 
the family car, who wiped glue and 
supplied toothpicks (for bridge build- 
ing), and who walked the words with 
our orienteering champion. We didn't 
forget the retired rockhound who 
coached our geology champion, the 
doctor who lent out her professional 
library to our anatomy expert, and 
the astronomer who worked with our 
astronomy gold medalist. 

And the teachers were there — not 
only the science teachers and depart- 
ment head who worked so hard, but 
the middle school teacher who helped 
our geologists and the industrial arts 
chairperson, who built an answer light 
system so we could practice Science 
Bowl, We welcomed the administra- 
tors, who gave unstinting support, and 
the department secretary, who never 
failed to lend a helping hand. Together 
with our champions, everyone shared 
in the satisfaction of a job well done. 

The Science Olympiad brought ex- 
citement to pur program at Seaholm. 
Our victory was significant with four 
gold medals, six silver medals, and one 
bronze. 



Marian McLtod is an applied science leaclur 
ai Seaholm Hi^h School 2436 W. Uncoln 
RsL Bimingham, Ml 48009. 



For more information about the Na- 
tional Science Olympiad, see the No- 
vember 1984 issue of TST, pages 8-9. 
To participate, contact your state sci- 
ence supervisor or Gerald Putz, 5955 
Little Pine La., Rochester, Ml 48064. 



JEXS Continued from page 51 

says Red Bud has no more talented 
students than other schools but points 
out that Red Bud students set reason- 
able goals and work hard to achieve 
them. Activity begins on freshman 
"farm teams," so depth is built into 
the team. Practices begin in October 
and are scheduled before, during, and 
after school hours. 



The rewards from the years of hard 
work, in addition to the medals, tro- 
phies, and trips, are higher ACT and 
SAT scores, many scholarships, and 
the knowledge that some students 
have gone on to college who may 
otherwise have chosen not to. The 
career Red Bud winners most cften 
pick? Engineering, of course. 



A Competitions Sampler 



Junior Science and 
Humanities Symposium 

At the Junior Science and Humanities 
Symposium the emphasis is as much 
on sharing as on doing science. The 
program is modeled after professional 
scientific symposia; students present 
the results of their independent re- 
search orally in a competition that is 
as much forensic as scientific. Students 
also hear researchers and scientists 
who discuss the latest developments 
in their fields. 

At 45 regional symposia, hosted by 
universities, panels of scientists hear 
the research of students nominated 
by their science teachers. The scien- 
tists select five representatives to the 
national meeting, which has been held 
at West Point, New York, in recent 
years. The program, which is free to 
students, is funded by the Army Re- 
search Office. For information, con- 
tact Barbara Osborne, Academy of 
Applied Sciences, junior Science and 
Humanities Symposium, 4603 West- 
ern Blvd., Raleigh, NC 27606; (919) 
851-1776. 



Scholarships for the Inventive 

The Annual Thomas Edison/Max 
McCraw Scholarship Program awards 
scholarships to high school students 
who are interested in science and 
engineering and who demonstrate the 
inventive genius of Thomas Alva Edi- 
son and Max McCraw. 

All high school students in grades 
9-12 who attend public, private, or 
parochial school in the United States, 
Canada, or other participating nation 



are eligible. To enter, a student must 
submit a proposal, which may be an 
abstract of an already completed ex- 
periment or a projected idea, on a prac- 
tical application of an experiment in 
science or engineering. A letter of 
recommendation from the student's 
teacher or sponsor, which indicates 
how the student best exemplifies Edi- 
son's and McCraw's creativity and inge- 
nuity, must accompany the proposal. 

The 1986 awards will include two 
$5000 and ten $1000 scholarships. 
Proposals and letters of recommenda- 
tion must be postmarked by December 
Isl each year. For informrition about 
next year's program, write to Robert 
A. Dean, PO Box 80953, San Diego, 
CA 92138. 



Young Inventors 

In the footsteps of Da Vinci and Edi- 
son, today's young scientists are en- 
couraged to invent in the annual Dura- 
cell Scholarship Competition. The 
reward: $30,000 in scholarship mon- 
ies, and the satisfaction that comes 
with successful technology. Science is 
no vague endeavor for Duracell com- 
petitors; it is as real as lighted 
sneakers and battery-powered wind 
speed .inalyzers. Several of the Jeacher/ 
sponsors of last year's competition 
wrote to The Science Teacher: 

High emotions 

There are moments m the lives of 
teachers that are charged with high 
emotions, when our hearts swell with 
pride and the glow of love seems to 
shine the brightest; such moments 
occur slowly if one is counting the 
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Randall Makela won ihe grand prize for "The Wind S/vrt/ Analyzer' (lop) and Chrisloplier 
Urban won second place for "L^'/iiti/ Sneakers'* (bottom) m ihe 19S5 Dunicell Scholarship 
^tiwelihon. 
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ycnrs in the profession, but when the 
time comes, it is exhilarating. You sud- 
denly realize that your dedication, 
patience, compassion, and meticulous- 
ness pay off. 

Young Chris Urban brought about 
just such a moment in my life this 
ye^r through his achievement — second- 
place winner of a Duracell scholarship. 
— jonn Pt\ul Rieck science chairperson and 
iracher, Vincland Hi^h SchooL Vineland, N./. 

Solar tracking 

Last year in the fall I received a bro- 
chure describing a competition spon- 
sored by Duracell. The criterion here 
was creativity, and for the first time, I 
saw a program that was designed to 
help and even encourage the gifted, 
creative group. After announcing the 
event :o my class, a student approached 
me and wanted to enter. We discussed 
the feasibility of making a solar track- 
ing device, and he seemed very astute 
regarding its construction. 

I was astonished, though, wh(Mi he 
later brought the complet(^/ 'Jevice to 
nie in actual operating conci»uOn. The 
device won him second place in the 
competition and a S3000 scholarship. 
After this, 1 realized that there is in- 
deed no limit to the potential of our 
youngsters. 

— /<i//ir Natjix iiime leaihci ^liond-phu, 
winner David lV;K///.%. Rihlu Moimlaiu / 
Sihi\^L F*i»i Collins. Colo, 

Laughing and cheering 
From the first application lo the iinal 
awards, I was excited, laughing, cheer- 
ing, and just plain having fun. I sin- 
cerely believe the enthusiasm that the 
contest generated in me >pilled over 
into my leaching, and thai in turn 
influenced my students' efforts mi the 
competition, I was able lo show I hem 
the excitement of science in a way I 
could not in the classroom. 
— Bi>|i Savilh\ siuiue Uiuher of ^eiOnd-priZi' 
winner /\n\*u> Cnlderand fourlh pnZi winner 
Erie Ronnw Shorehani Wadms^ Rtver H\>^h 
School Shorehani, W.V. 

Independent study 

A longstanding interest in alternative 
sources of energy and their potential 
application at our home in central 
Washington prompted my son Randy 
to design and construct a recording 
anemometer to aid in determining the 
feasibility of our site for a wind- 
powered generator, he chose this as 
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the problem to research and develop 
in an independent study course 1 offer 
to serious senior science students each 
year and to enter it in the Duracell 
competition. 

Duracell administers the program 
in an excellent fashion from beginning 
to end. The guidelines are clear, con- 
cise, and unrestrictive. The experience 
was outstanding for all concerned. 
— George A. Makela, uience teacher ml ftUher 
of the grnud-prize wniuer, Cashmere Ht^h 
School Cashmere, Wash. 

This year's entries .n the Fourth 
Annual Duracell $30,000 Scholarship 
Competition are due February 24, 1986, 
and should be sent to Duracell Schol- 
arship Competition, PO B'^ ai2, 
Cooper Station, New York, N V 10276. 
For an official entry package, write to 
Duracell Scholarship Competition 
Entry Forms, PO Box 14312, Dayton, 
OH 45414. 



Westinghouse 
Science Talent Search 

Forty-four years of success are behind 
Westinghouse's effort to identify the 
most creative future scientists, engi- 
neers, and mathematicians. The pro- 
gram's alumni include five Nobel prize 
winners. 

Students must submit the results 
of independent research and resumes 
by December 15ih each year. For infor- 
mation about next year's program, 
contact Science Service, 1719 N St. 
NW, Washington, DC 20036. This 
year's awards will include $140,000 in 
scholarships and 40 all-expense-paid 
trips to Washington for the Science 
Talent Institute. 

Space Shuttle Student 
Involvement Project 

Now in its sixth year, the Space Shut- 
tle Student Involvement Project (SSIP) 
offers high school students the chance 
to propose experiments that could be 
performed aboard the Space Shuttle. 
Past winners have proposed studies of 
crystal formation; silkworm, bee, and 
earthworm behavior; and plant growth, 
among others. 

Kay Meisch, a chemistry teacher at 
Webster Senior High School, in Web- 
ster, New York, was advisor to 1984- 
1985 national winner John Nash. John 
won for his project "Effects pf Gravity 




Thomas Waher, oue of ihe seveu SSIP whwers for his project, "ReproJucliou hi Space: An 
hwestignliou of Differences in Early Pattern formation of Isolecithal (Eihinodermjand Mesohxt- 
thai (Amphibian) Eggs in Micro-g/' 



and Magnetic Field Strength op the 
Surface Morphology pf Ferrofluids." 

Meisch recalls, "My student was 
among the 7 national winners, selected 
from almost 3000. We were off to a 
launch! 

"On Friday, August 23, 1985, our 
bus departed from Cocoa Beach for 
the Kennedy Space Center. We were 
welcomed by NASA officials and par- 
ticipated in a workshop. 

"Our students each gave a 10- to 
15-minute presentation about their 
project. That afternoon we toured 
Spaceport USA. An evening banquet 
and awards ceremony was led by 
Gerald Skoog, NSTA president, and 
Curtis Graves, acting director for edu- 
cational affairs for NASA. 

"Saturday morning we arose at 4:30 
to go to the launch site, but thunder- 
storms delayed Discovery's maiden voy- 
age. Sunday morning it was 5:30, but 
again the countdov.'n was stopped. A 
computer problem, and the second 
launch was scrapped. 

"Helenmarie Hofman, of NSTA, 
came to everyone's rescue. NSTA 
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would be our host until Tuesday. At 
3:30 AM Tuesday it was raining and 
our prospects seemed gloomy. But the 
count continued, and our twice-delayed 
Shuttle thundered off the launchpad 
at 6:58 AM. 

"Every minute we spent waiting was 
well worth it. It was one of the most 
exciting moments of our lives. John 
and 1 were very grateful for our un- 
usual experience." 

Students should describe their space 
experiment in a 1000-word proposal 
prepared according to SSIP guidelines, 
which were on the poster inserted in 
the September 1985 issue of TST and 
now are available from NSTA. 

Regional winners and their advisors 
will attend expense-paid symposia at 
NASA centers next spring. National 
winners and their advisors will attend 
an expense-paid national symposium 
next summer. The three top students 
will receive scholarships from NSTA. 

Any student in ? U.S. public, pri- 
vate, parochial, or overseas school in 
grades 9 to 12 can enter. ■ 
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— Tfc«m«5 M. Stitfy. nurltfy cf Monifmtry County, Mi. 

Meet Me at the Fair 



hy William G. Lamb and Peter Br(yuni 



Science fairs should 



he 



more 



like 



county fairs. 




During the mid to late 
19605, support for science 
fairs waned to the point 
where many sponsors 
just plain got out of the 
science fair business. Every teacher 
knows what science fairs are: research 
project competitions in which students 
present their results on three-sided 
exhibit boards a maximum of 75 cm 
deep, 120 cm wide, and 270 cm tall. 
Right? These science fairs follow the 
rules and regulations specified by the 
International Science and Engineering 
Fair (ISEF) as administered by Science 
Service in Washington, D.C. 



Among other definitions for "fair," 
my old battered dictionary gives the 
closest one for both science fairs and 
county fairs: "a competitive exhibition 
(as of farm products)." I must admit 
that I was surprised by the emphasis 
in the definition because my idea of a 
county fair is as much rides and enter- 
tainment as pigs and pickles winning 
blue ribbons. In addition to these con- 
tests, county fairs have something else 
that traditional science fairs often lack; 
joy, sparkle, and diversity. 

Last year in Oregon, a consortium 
of groups got together to start a state 
science fair after many years without 
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one. We wanted to have a real fair in 
the county fair sense with events and 
activities in addition to the typical 
ISEF research competition. But first, 
our event needed a n-rime. We couldn't 
use science fair because too many peo- 
ple, we thought, associated those 
words with unpleasant competition. 
So, after much discussion, we called 
the 3-day event the Northwest Science 
Exposition. 

Brainstorming produced plans for a 
series of events. First, we would have 
a research competition, affiliated with 
the ISEF and run according to its rules 
and format. We called it a research 
competition to stress that it was only 
one part of the overall exposition. 

We also arranged a noncompetitive 
display of student projects at the 
Oregon Museum of Science and Indus- 
try (OMSI). Many students, especially 
younger students, we decided, would 
rather exhibit their work and receive 
recognition for it in a noncompetitive, 
unjudged forum. Students could dis- 
play research, but we also encouraged 
other kinds of projects— familiar mod- 
els and demonstrations of well-known 
scientific principles as well as more 
creative science-art projects and dia- 
ries of nature trails. Originally, we 
thought this event would attract most- 
ly middle schoolers, but we soon found 
that a significant number of high 
schoolers, including many who had 
done bona fide "competitive" research 
projects, opted to exhibit their work 
at the noncompetitive show. 

In our third event, an "Olympics," 
teams of students challenged one an- 
other in the high school science big 
three: biology, chemistry, and physics. 
Each of the Olympics began with a 
quiz in which every team took a writ- 
ten test. Team members cooperated 
in answering the items. Then the top 
four teams competed in a college- 
bowl-type verbal quiz. Except for the 
quiz bowl, each Olympic event was 
unique. I describe some of them in the 
box accompanying this article. 

We also arranged a series of tours 
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to sites of scientific interest, including 
the Washington Park Zoo (students 
got to go "backstage" as well as view 
the animals out front), the Oregon 
Graduate Center (various research 
labs), the Regional Primate Research 
Center (research labs and a Macaque 
colony), CHZMHill Civil Engineering 
firm, and the National Weather 
Service. 

Finally, students could sign up for 
workshops at OMSI in forensic sci- 
ence, microbial genetics, computer 
flight simulation, and computer graph- 
ics and music. One day at the exposi- 
tion. Astronomy Day, featured an 
OMSI planetarium educator offering 
workshops and shows. Some students 
opted to see videotapes from the V(jy- 
agtr missions. 

In addition, the Lane County (Ore- 
gon) Educational Service District pro- 
vided a portable planetarium, and stu- 
dents and teachers could attend science 
films during the day at OMSI. To avoid 
the problem of students having noth- 
ing to do on Friday night and to pro- 
mote social interaction among students 
from the different schools, we sched- 
uled a barbecue, a physics demonstra- 
tion, and a dance, complete with a 
very live band. 

Putting on this extra\ aganza posed 
a number of problems and required 
the close cooperation of many groups 
of people. Fortunately, the Expx) was 
sponsored by a consortium including 
the Oregon Science Teachers Associ- 
ation (OSTA), the Portland section of 
the American Chemical Society (ACS), 
the Oregon section of the American 
Association of Physics Teachers 
(AAPT), the Northwest Association 
of Marine Educators (NAME), the 
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Oregon State Department of Educa- 
tion, and the Oregon Museum of Sci- 
ence and Industry. This cross-fertili- 
zation has been important because, 
although many of the same teachers 
belong to OSTA and NAME, there is 
very little overlap among OSTA, ACS, 
and AAPT. Although the Expo would 
probably have been easier to stage with 
fewer interests represented and a well- 
financed dictator delegating the tasks, 
the give-and-take of planning meetings 
and our mutual delight in finally exe- 
cuting the Expo helped all of us build 
vital professional networks. 

Coordinating so many activities at 
three sites separated by several kilo- 
meters proved to be pretty challeng- 
ing, but came off with only a few 
hitches. We arranged for shuttle bus 
service between the sites. Except for 
students who tried to take part in ^oth 
the research competition (which ran a 
little ahead of schedule) and the Olym- 
pics (which ran a little behind sched- 
ule), most students got where they 
wanted to go on time. 

In its first year, the Expo served 33 
schools and more than 500 students. 
Most schools participated in a variety 
of the activities. More than 60 percent 
of the teachers returned a question- 
naire evaluating the Expo. The gen- 
eral consensus? The Expo was just 
dandy and would have been dandier 
with better organization. 

We're quite proud of our first an- 
nual Expo, which was supported by 
generous grants from the Swindells 
Fund of the Oregon Community Foun- 
dation and the Winningstad Chair 
Fund of the Oregon Episcopal School. 
We look forward to the next, which 
will be held in Hillsboro (Oregon) 
High School, April 12-13, 1985. We 
are especially happy that all the major 
events will be at one site. It's the com- 
bination of individual research and 
team competition, noncompetitive ex- 
hibits, films, tours, workshops, and 
social events that makes the North- 
west Science Exposition a real science 
fair. m 



Pointing the Way 
for Young Researchers 



hy Lynn W* Glass 
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ometimes students have a hard 
time sifting through the rules of 
a science fair to come up with a 
project that pleases both the judges 
and themselves. Here in Iowa, a strong 
support organization guides students 
through their early days in research. 
From before project planning to the 
national meeting of the American Ju- 
nior Academy of Science, the Iowa Ju- 
nior Academy of Science backs its 
young researchers. 

Each fall the Iowa Junior Academy 
conducts a "how to" workshop for high 
school students and teachers who are 
interested in getting a science research 
project started. The workshop helps 
students define a manageable research 
topic, locate resources (both people and 
print), and learn how to present find- 
ings. Other teachers and successful 
student researchers run the work- 
shops. 

We then introduce the young scien- 
tists to a skill that will come in quite 
handy if they go on in refiearch: writ- 
ing research grant proposals. We en- 
courage all Iowa secondary school stu- 
dents to complete a two-page grant 
application form, and we award re- 
search support of up to $200 for a 
project. 

Science students in Iowa seem to be 
always busy— at science fairs, science 
symposia, science Olympics, university 
research participation projects, and 
various other science competitions. 
The Iowa Junior Academy of Science 
publicizes these events and recognizes 
the winners. At its annual meeting, 
the Iowa Academy of Science high- 
lights award-winning students from 
the many state science events of the 
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preceding year. In addition, the direc- 
tor of each event nominates a select 
few students to compete for our Ju- 
nior Academy's highest honor— two 
expense-paid trips to the annual meet- 
ings of the American Association for 
the Advancement of Science and the 
American Junior Academy of Science. 
The students vie for the awards by 
presenting a poster paper and oral 
research report. The governor of Iowa 
usually comes to honor all these 
deserving students. 

The 1983-1984 school year marked 
the first annual Outstanding Science 
Student Award program sponsored by 
the Iowa Junior Academy of Science 
and the Iowa Academy of Science. 
Nearly 400 senior students from 500 
Iowa high schools received a bronze 
medallion for their excellence in 
science. 

We're also excited about our first 
amusement park physics project this 
fall. More than 2000 junior high stu- 
dents are learning about physics while 
having fun on 12 different amusement 
park rides. Plans are currently under- 
way to expand this popular event to 
include even more students next fall. 

Funding for our many events and 
activities comes from three sources. 
Private enterprise covers a large por- 
tion of our expenses. A competitive 
grant from the American Association 
for the Advancement of Science pays 
about half of our student research 
grant program. Dues and other 
sources of income to the Iowa Acad- 
emy of Science are the third source of 
support for the Junior Academy. 

We like to think of the Iowa Junior 
Academy of Science as a training 
ground for a new generation of scien- 
tists. Don't be surprised if a dispro- 
portionate number of the next crop of 
Nobel laureates in science hail from 
the Hawkeye State. ■ 
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Consumer Fairs n Cure 




*^ 'iJula * 





for the Science ftiir Blues 



Spring should be a time of rejuvenated 
optimism, renewed vigor, and hearty self- 
congratulation upon successfully 
surviving another winter. However, in 
classrooms across the nation, science 
teachers are faced with the seasonal 
malady known as Science Fair Syndrome 
(SFS). The victims of SFS often complain 
of low student motivational levels, high 
incidences of uncontrolled variables, and 
hallucinatory visions of papier-mache 
volcanoes. If you share these symptoms, 
why not try a consumer fair as an 
alternative to a traditional science fair? 

The basic premise of the consumer fair 
is that we are all purchasers of goods and 
services. From the toddler begging for a 
penny for the gumball machine to an 
adult making a decision on the purchase 
of a cemetery plot, the acquisition and 
spending of money is a basic fact of life. 
Our economy encourages consumption 
by young people, but often these young 
consumers do not have the skills and 
knowledge necessary to buy wisely. 
Consumer fair projects encourage 
students to use scientific investigation 
skills learned in the classroom as a 
means to becoming more independent 
and intelligent consumers. 

In the consumer fair scheme, the 
students are led through a series of steps 
to arrive at their own choice of project 
tonic and investigation. The first step is a 



visit to the neighborhood grocery store 
with its variety of grocery and other 
consumer products. The students list ten 
foods and ten non-food products and 
three brands of each product on a form 
which I provide. They then narrow down 
their list of products until they have 
chosen the one product of greatest 
interest to them. This single product 
represented by three different brands for 
the purposes of comparison becomes the 
subject of their project. Mext students 
decide which of the many aspects of their 
product they wish to investigate. The 
aspects might include: weight, volume, 
number of items, packaging, 
effectiveness, or taste. Their final step in 
this preliminary stage is to formulate a 
question (hypothesis) about the aspect 
they will use to compare the three 
product brands. An example of an 
investigative question is: Which brand of 
diaper, brand X, Y, or Z» actually absorbs 
the most moisture? 

Students use the scientific method to 
se,^rch for answers. Consumer projects 
offer the opportunity for them to 
conjitruct a hypothesis from a question, 
identify and control variables, design and 
conriuct an experiment, and collect and 
analyze data (see Figure 1 ). Students 
often need assistance as they develop 
their experimental design. During this 
phase, the teacher serves as resource 



Figure 1: 

Investigation Set-Up Sheet 

Product Investigated: 



Three Brands Compared: 



Question about Product to be 
Answered: 

1. Hypothesis: 

2. Manipulated Variable: 

3. Responding Variable: 

4. Controlled Variable: 

5. Equipment: 

6. Procedure: 

7. Data Collected: 

8. Hypothesis Check: 

9. Conclusion: 
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person and facilitator, answering 
questions and offering advice. The actual 
experiments may be conducted in or out 
of class. While some experiments require 
equipment and the use of process and 
measuring skills, others such as blind 
tests for taste preference, emphasize the 
use of subjects and proper sampling and 
control techniques. 

In addition to the data gathered during 
their experiments, the students also 
compare the tested brands by doing a 
cost analysis (Rgure 2). They compare 
the three brands using one quantitative 
aspect, such as volume, weight, or 
number of items, divided Into each 
brand's cost. The resulting per unit cost is 
used to determine which brand is the best 
buy. 

The students bring experimental data 
they collect in the form of graphs, charts, 
conclusions, and experimental 
procedures on posters. The posters, the 
three brands cf the product used for 
comparison, and the materials used to 
conduct the experiment are combined as 
a display. These displays make up the 
consumer fair. Teachers evaluate the 
projects according to the scoring criteria 
in Figure 3. 

Consumer fairs are educational, 
interesting, motivating, and fun. The 
activities provide reinforcement of skills 
taught in the science classroom and help 
students become knowledgeable and 
independent consumers. Most important, 
consumer fairs illustrate that science and 
the methods of science are relevant to 
students' everyday lives. 

DONALD J. NELSON 
Ridgewood School 
Rock Island, Illinois 
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Figure 2: Cost Analysis 

When comparing several brands of the same product, a consumer is often 
interested in which is the "best buy." You can figure any relative costs of several 
brands of the same product by doing a cosf analysis. 

Directions: You first decide on one aspect of the product that you will use to 
compare all the brands. You should use volume, weight, or number of items for 
this comparison. Then fill in the chart below using the brands you are comparing 



Brands 



Cost 



Volume, Weight, or Number of Items 



2. 



3. 



You will need to do some dividing. Divide the cost of the brand into its volume, 
weight, or number of items to find the per unit cost for each of your brands. The' 
per unit cost tells you how much product you get for one cent. Use the formula 
below to help. 

Per Unit Cost 



Cost \J Volume, Weight, or No. of (tems 



Repeat the procedure for all the brands being compared. Then fill in the chart 
below to identify which brand is the best buy. 



Brand 



Per Unit Cost 



Best Buy 



3. 



Figure 3: Project Scoresheet 



1-5 



1-5 



1-5 



1-5 



1-5 



5-25 



A) Project Set-Up 

• Question investigated well thought out 

• Investigation procedure well designed 

• Investigation followed as designed 

B) Project Results 

• Quality data collected 

• Hypothesis check supported by data 

• Data displayed using charts or graphs 

• Conclusions made from data' clearly stated 

C) Project Appearance 

• Posters complete and neatly printed 

• Display well organized 

• Display informative and understandable 

• Product brands displayed 

D) Brand-Cost Analysis 

• Brands correctly compared 

• Correct calculations 

• Best buy data clearly charted or graphed 

E) Project Effort 

• Project complete and on time 



= Total Score 
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1st Place = 23-25 points, 2nd place = 20-22 points 
3rd Place = 17-19 points, 4th place = 14-16 points 
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Appendix 



Notes to parents, schedules for students, 
instructions to judges are the keystones 
science fair organizers rely upon. We've 
collected these forms for you to use as 
is, or to modify to meet your program's 
special needs. Most of these forms were 
originally produced by Ed Donovan of 
the School of Education, University of 
South Carolina, Spartansburg. We hope 
they will help you create the best science 
fair ever. 





Science Fair Project Application 



Name 



Date 



Teacher 



-Grade. 



Project Title 



Project Description (be brieO 



PROJECT AREA (circle one): 



Biology 



Chemistry 



Physics Mathematics 



Behavioral 



General Science 



i ROJECT TYPE (check one): 



Experitnental — Forming a hypothesis (question) about something the student doesn't know the 

answer to, doing an actual scientific experiment, making observations, collecting data, and reaching conclusions. 

Demonstration — ^Science in a show and tell format. The student knows what is going to happen when 

he or she begins. Includes models, kits, collections, posters, etc. ' 

Biological — project involving living things such as insects, birds, food, people, diseases, etc. 

Physical — A project involving things not living such as chemicals, stars, air pressure, weather, etc. 

Will you require «lectricit)^ YES NO 

Your project should include the following items: 

1. Exhibit that can stand by itself. 

2. Research paper with bibliography. 

3. Abstract (one page summary, with bibliography). 

4. Materials necessary for the exhibit. 

5. Oral presentation (3 to 5 minutes). 

6. Logbook of daily work. 

Return this completed form to your teacher by 

Student signature 

Parent's signature 

Teacher's signature 
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Information for Students About Science Fair Projects 



A Successful Science Project: 

1. Represents your work — not that of an expert or your parents 

2. Indicates an understanding of the science area chosen 

3. Shows careful planning that would eliminate a "rush" project 

4. Has a notebook showing a complete record of all your work 

5. Has a simple, well-stated title and neat lettering 

6. Includes photographs, charts, pictures, graphs, etc., that might be necessary to 
explain your work 

7. Has accurate, valid, and correct observations 

8. Tells a complete story — ^Problem and Solution 

9. Is original in approach and presentation 

10. Is self-explanatory 

11. Is attractive and organized 

12. Does not have to cost much money 

13. Is best if it is an experiment, but it doesn't have to be 

14. Is one that gives credit to those who gave help 

A Science Fair Project is Not: 

1. Only a report 

2. Necessarily a new discovery or an original piece of research 

3. Constructing a plastic model from a hobby kit 

4. An enlarged model or drawing 

5. A week-end chore 

6. One, two, or even three posters 

7. Something done by your parents or teacher 

Steps in Making a Science Project: 

1. Choose a topic and discuss it with your teacher. Ask your teacher for help 
and suggestions. 

2. Once you have chosen your topic problem, find out as much about the topic a possible. 

3. Keep a project notebook and record all of your thought, preparations, and ideas. 
Keep a record of your readings. 

4. Set up a work area somewhere around your house where you can work on your 
project. Make sure the area is off limits to your pets or younger brothers and sisters. 

5. Work on your project a little each day, don't wait until the last minute. 

6. Collect the materials needed for the project. 

7. Check with your teacher for suggestions and materials, he or she can save you 
time, excess, work, and money. 

8. Construct your exhibit and make letters for your signs. 

9. Mount your pictures, graphs, charts, etc. 
10. Present your science project at the fair. 

Created by Becky Brown, Chapman Elementary School, Spartanburg School District #7, Spartanburg, South Carolina 
^ Modified by Ed Donovan, Science Education Center, School of Education, University of South Carolina, Spartanburg 
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Schedule for the Student's Science Fair Project 

Week What You Should Be Working On Due Date Check 






1 


* Make sure you underf tand what you need to do for the 
science fair project. Ask questions if youVe not certain 
about any aspect of the assignment 

* Find time to use books, encyclopedias, and magazines 
at the library. Look for a topic that is interesting to 
you. Keep bibliographic notes on the books and 
magazine articles where you get your ideas. 

* You may want to visit museums, hospitals, 
universities, zoos, and science centers to get ideas. 






2 


* With your project idea firmly in mind, write the 
purpose, question, hypothesis, materials needed, and 
procedures. 

* Show your written material to the teacher and discuss 
your project for approval. 






3 


* After the science project has been approved by the 
science teacher, begin to gather your necessary 
equipment and begin your project. 






4 


* Seek advice and help from professionals to refine your 
project: doctors, nurses, researchers, teachers, 
librarians, veterinarians. 






5 


* Conduct your experiment and collect data. 

* Keep careful, written records of results in a notebook, 
xvvcuru kiie uajr ana uinie you majve ooservauons. dg as 
specific as you can about the amount, size, and type of 
materials, plants, or animals you use. 






6 


* Draw conclusion and organize the results of your 
experiments in chart or graph form. 






7 


* Write your research paper. Include a table of contents, 
abstract, summary sheet, purpose or hypothesis, 
step-by-step explanation of your experiment, results, 
conclusion, and bibliography. 






8 


* Construct your exhibit. Build a back-drop to mount 
graphs, charts, illustrations, photographs, signs, and 
summary sheets. 






9 


* Prepare an oral presentation. 






10 


* Add finishing touches to your project. 

* Come to the science fair and present your project 







ERJC NATIONAL SCIENCE TEACHERS ASSOCIATION 



The Scientific Method 

A student record sheet for an experiment or science project 



1. What do you want to find out? 
(PURPOSE) 



3. What do you need to use? 
(MATERIALS) 



4. What will you do to find out? 
(PROCEDURES) 



What do you think will happen? 
(HYPOTHESIS) 




5. What happened? 
(RESULTS) 



J 



6. What did you learn? 
(CONCLUSIONS) 
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Note to Parents 



We hope the following suggestions will be helpful as your child develops this year's science 
project: 

1. Please remember that the most important ingredient in any project is the amount of 
work the student accomplishes, how much knowledge he or she acquires, and how 
much initiative is displayed. Many abilities are developed researching, organizing, 
outlining, measuring, calculating;, reporting, and presenting. These involve the 
reading, writing, arithmetic, and social skills so much a part of successful daily living. 

2. Although it is to be the student's effort, there is no substitute for a parent's support. 

3. Do not worry about the project's performance at a science fair. If strengthened 
thinking skills and increased knowledge have occurred, then a prize has truly been 
won. 

4. Areas in which a parent's assistance will be necessary include: 

a. Safety, Be sure that poisons, dangerous chemicals, and open fires are avoided, 
Learn and practice electrical safety if electricity is used in the project. If any 
aspect of the project appears to be dangerous, it is not to be included. 

b. Transportation, Help will be needed for the transportation of materials to the 
science fair, although it is better if the student can set up and take down the 
exhibit with a minimum of assistance. 

5. Areas in which a parent's assistance may be welcome include: 

a. Suggesting project ideas (these may be connected with your work). 

b. Transportation to libraries, businesses, museums, nature cjnlers, universities, 
or any source of project information. 

c. Technical work such as construction and photography. 

d. Being an interested listener. 

Reprinted with permission from Public Service Company of New Mexico, Educational Programs, 
Alvarado Square, Albuquerque, New Mexico 87158, © PNM 1982 



Science Fair Parent Volunteer Form 

I would like to volunteer for the following jobs at the science fair: 
(Check where you can help,) 

Science Fair Committee 

Help set up the gym 

Help supply refreshments 

Name Addresss. 

Telephoned ^ PLEASE RETURN BY. 



Supervise students setting up 
Supervise students during judging 
Help clean up the gym 
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Helping Your Children with Tb.eir Science Fair Projects 



Things a parent may do: 

1. Give encouragement, support, and guidance. (Be positive!) 

2. Make sure your child feels it is his or her project. Make sure the project is 
primarily the work of the child. 

3. Realize that the main purpose of a science fair project is to heip your child 
use and strengthen the basic skills he or she has learned and to develop 
higher level skills. 

4. Realize your child will need help in understanding, acquiring, and using 
the major science process skills (researching, organizing, measuring, 
calculating, reporting, demonstrating, experimenting, collecting, 
constructing, presenting). Your child may not have been taught these 
skills. Therefore, it may not be fair to expect him or her to know how to 
do them. 

5. Realize that your child may be using reading, writing, arithmetic, and 
social skills for the first time in a creative way to solve a problem. 

6. Realize that the teacher' works with 20-30 students and this may make it 
difficult to give a large amount of individual attention to your child. 

7. Understand that the teacher may need your help. If you have the inter est 
and the time, you might contact the teacher and volunteer to help or 
judge at the school's science fair. 

8. Help your child plan a mutually agreed upon schedule, to prevent a last 
minute project and a disrupted household. A 4 to 8 week plan that uses ■ 
a check-off sheet is best. The following steps (you may ^ mt to add 
more) should be on your schedule. 

a. find a topic. 

b. narrow down the topic to a specific scientific problem that is 
appropriate to the child's ability level. 

c. research what is already known about the problem. 

d. develop a hypothesis. (What outcome do you expect?) 

e. develop a procedure/inves^gation to test the hypothesis 
(if experimental). 

f. make observations and collecting appropriate data. 

g. interpret the data and other observations. 

h. state and display the results. 

i. draw appropriate conclusions, 
j. create the exhibit. 

k. write the research paper and the abstract. 
1. present the project, 

9. Help your child design a safe project that is not hazardous in any way. 

10. Provide transportation to such places as libraries, nature centers, 
universities, etc. that can help the child find project information. 



NATIONAL SCIENCE TEACHERS ASSOCIATION 



11. Help your child write letters to people who can provide help on the 
science project and be sure the letters are mailed. 

12. Help the child develop the necessary technical skills and /or help the child 
do the technical work such as building the exhibit and doing the 
photography. 

13. Help your child understand that science is not a subject but a "way of 
looking at the world around us." 

14. Be sure that the child states in the paper and/or exhibit the help he or 
she has received from you or others. This will help judges to make a 
fairer evaluation of the project. 

15. Look over the project to check for good grammar, neatness, spelling, and 
accuracy. Make suggestions on how it can be corrected . 

16. Buy or help find the necessary materials to complete the project. 

17. Realize that a good project doesn't have to cost a lot of money. Many 
times a simple project that is well displayed and explained is the best. 

18. Help the child imderstand that a weekend chore, or one or two posters, is 
not a project. 

19. Help the child to keep a record (log book) of all he or she does and a list 
of references used. 

20. Find an area in the house where the child can work on the project and 
not have to worry about pets or brothers and sisters. 

21. Explain to the child that he or she should consult with you or the teacher 
when problems arise. Set aside time for help sessions. Make them short 
and constructive. Be an interested and enthusiastic listener. 

22. Have your child present his or her science project to you before he or she 
takes it to school. 

23. Help transport child and the science fair project to and from the 
school/district/regional science fairs. 

24. Do not worry or get upset if your child doesn't win a prize at the science 
fair. The skills the child has gained are worth all of the effort. Help your 
child to begin to plan for next year. 

25. Feel a sense of pride and satisfaction when the project and the science 
fair are finished. Share this with your child, you have both earned it. 
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Science Fair Project Judging Criteria 

Scientific Thought (30 points) 

Does the project follow the scientific method? (hypothesis, method, data, conclusion) 

Is the problem clearly and concisely stated? 

Are the procedures appropriate, organized, and thorough? 

Is the information collected accurate and complete? 

Does the study illustrate a controlled experiment that makes appropriate comparisons? 

Are the variables clearly defined? 

Are the conclusions accurate and based upon the results? 

Does the project show the child is familiar with the topic? 

Does the project represent real study and effort? 

Creative Ability (30 points) 

How unique is the project? 

Does the exhibit show original thinking or a unique method or approach? 
Is it significant and unusual for the age of the student? ' 
Does the project demonstrate ideas arrived by the child? 

Understanding (10 points) 

Does it explain what the student learned about the topic? 
Did the student use appropriate literature for research? 
Is a list of references or bibliography available? 

In the exhibit, did the student tell a complete and concise story, and answer 
some questions about the topic? 

Clarity (10 points) 

Did the student clearly communicate the nature of the problem, how the problem 

was solved, and the conclusions? 
Are the problems, procedures, data, and conclusions presented clearly, and in 

a logica? order? 

Did the student clearly and accurately articulate in writing what was accomplished? 

Is the objective of the project likely to be understood by one not trained in the subject area? 

Dramatic Value (10 points) 

How well did the student design and construct the exhibit? 

Are all of the components of the project done well? (exhibit, paper, abstract, log of work) 
Is the proper emphasis given to important ideas? 
Is the display visually appealing? 

Is attention sustained by the project and focused on the objective? 

Technical Skill (10 points) 

Was the majority of the work done by the student, and was it done at home or in school? 

Does the project show effort and good craftsmanship by the student? 

Has the student acknowledged help received from others? 

Does the written material show attention to grammar and to spelling? 

Is the project physically sound and durably constructed? W^ll it stand normal wear and tear? 

Does the project stand by itself? 
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Science Fair Project Judging Form 



Project Title : Project Number 

Project Category Judge Number 

CRITERIA: POINTS 

Scientific Thought (30 Points) 

Is the problem concisely stated? 

Are the procedures appropriate and thorough? 

Is the information collected complete? 

Are the conclusions reached accurate? 

Comments: 



Creativity (30 points) 

How unique is the project? 

Is it significant and unusual for the age of the student? 
Does the project show ideas arrived by the student? 
Comments: 



Understanding (10 points) 

What did the student learn about the project? 

Did the student use appropriate literature for research? 

Can the student answer questions about the topic? 

Comments: 



Clarity (10 points) 

Are the problems, procedures, data, and conclusions presented logically? 
Can the objective be understood by non-scientists? 
Is the written material clear and articulate? 
Comments: 



Dramatic Value (10 points) 

How well did the student present the project? 

Is the display visually appealing? 

Is the proper emphasis given to important ideas? 

Comments: 



Technical Skill (10 points) 

Was the majority of the work done by the student? 

Does the written material show attention to grammar and spelling? 

Is the project well-constructed? % 

Comments: 
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TOTAL POINTS 
(based upon 100 ) 



